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SUMMARY 


The  Air  Force,  in  trying  to  reduce  fleet  maintenance  costs,  is  considering  using 
repaired  windows/windshields  (W/WS).  Based  on  reported  cost  savings  and  favorable 
experience  that  commercial  fleets  have  had  with  repaired  W/WS,  the  use  of  repaired  W/WS 
seems  very  attractive.  Before  adopting  an  operating  policy  to  use  repaired  W/WS,  however, 
the  Air  Force  decided  that  structural  performance  testing  of  repaired  W/WS  and  a  cost 
analysis  were  required. 

The  approach  followed  for  evaluating  whether  the  use  of  repaired  W/WS  is  justified 
was  to  procure  some  used  C/KC-135  W/WS,  make  repairs  on  them,  and  then  subject  the 
repaired  W/WS  to  a  series  of  tests  to  determine  the  difference  in  performance  when 
compared  with  new  W/WS.  The  cost  to  make  the  repairs  provides  the  data  for  the  cost 
benefit  analysis.  The  test  results  provide  the  data  for  an  evaluation  of  fitness  for  purpose  of 
repaired  W/WS. 

The  testing  conducted  for  this  program  represents  the  first  full-range,  systematic  testing 
of  the  structural  integrity  of  repaired  W/WS  for  transport-type  aircraft.  Optical  and  electrical 
properties,  pressure  integrity,  and  bird  impact  resistance  have  been  evaluated.  In  addition, 
the  bird  impact  test  results  are  the  first  data  that  the  Air  Force  has  collected  for  C/KC-135 
W/WS. 

The  test  results  indicate  that  repaired  W/WS  have  been  restored  to  a  condition  better 
than  the  prevailing  C/KC-135  Technical  Order  replacement  criteria,  but  they  do  not  perform 
as  well  as  new  W/WS.  Many  of  the  repaired  W/WS  still  contain  defects  that  would  not  pass 
an  OEM  quality  assurance  inspection.  Some  delamination  occurred  in  a  few  of  the  repaired 
W/WS  during  pressure  cycling,  but  it  was  not  severe.  The  residual  strength  of  the  pressure 
cycled  W/WS  tends  to  suggest  that  the  repaired  W/WS  are  not  quite  as  good  as  new  W/WS. 
The  bird  impact  test  results  are  quite  clear  -  new  W/WS  outperform  either  repaired  or 
unrepaired  W/WS.  At  the  250  knot  impact  velocity  used  in  this  program,  all  of  the  new  and 
repaired  #1  and  #A  W/WS  do,  however,  meet  the  no  bird  penetration  requirement,  while  two 
of  the  repaired  #1  W/WS  technically  failed  the  no  spall  criterion.  From  a  practical 
viewpoint,  the  spall  was  very  modest.  One  W/WS  that  was  not  repaired  because  of  an  out  of 
specification  heater  resistance,  failed  catastrophically  in  the  bird  impact  test. 

Although  repaired  W/WS  do  not  perform  as  well  as  new  W/WS,  they  were,  in  fact, 
restored  to  a  condition  better  than  the  prevailing  C/KC-135  Technical  Order  W/WS 
replacement  criteria.  On  the  basis  of  the  fact  that  they  would  not  be  removed  from  service  if 
found  on  an  aircraft,  and  the  fact  that  they  prevented  bird  penetration,  repaired  W/WS 
appear  to  be  "good  enough,"  at  least  at  a  250  knot  bird  impact  velocity. 

The  cost  analysis  indicates  that  savings  may  be  realized.  For  this  program,  the  cost  of 
making  the  repairs  was  75-percent  of  the  new  W/WS  purchase  price  for  #1  W/WS  and  65- 
percent  for  the  #4  W/WS.  Considering  all  five  of  the  C/KC-135  W/WS  types  and  the  full 


X 


range  of  estimates,  quotes,  and  actual  costs,  repairing  a  C/KC-135  W/WS  might  cost  as  little 
as  41 -percent  of  a  new  W/WS,  but  it  could  also  cost  as  much  as  132-percent. 

The  cost  savings  are  only  the  direct  repair  costs.  To  this  must  be  added  the  direct  cost 
of  transportation  and  the  indirect  costs  of  procuring  the  service  (contracting),  administrating 
it  (accounts  payable,  records  management,  etc.)  and  operating  it  (storage,  shipping  and 
handling,  outgoing/incoming  inspection,  etc.).  Offsetting  these  items  are  a  reduced  burden, 
both  economic  and  environmental,  from  lower  landfill  costs  for  W/WS  that  are  taken  out  of 
service.  These  factors  will  certainly  impact  the  economics  and  to  ignore  them  would  be  a 
false  economy.  The  Air  Force  should  do  a  complete  cost/benefit  analysis  to  satisfy 
themselves  that  there  is  a  true  economic  advantage  to  using  repaired  W/WS. 

A  significant  peripheral  finding  from  this  smdy  is  that  a  blanket  10-year  transport-type 
aircraft  W/WS  replacement  policy  cannot  be  justified,  if  W/WS  manufacture  date  is  used  as 
the  indicator  of  age.  The  new  W/WS  used  in  this  program  were  manufactured  in  1986,  and 
they  showed  no  evidence  of  degradation  due  to  being  in  storage  for  7  years.  To  remove  and 
replace  these  W/WS  in  1996,  solely  on  the  basis  of  age,  would  be  wasting  operating  and 
maintenance  dollars.  A  better  scheme  for  tracking  service  history  and  a  service-history-based 
replacement  criterion  must  be  devised  for  a  blanket  W/WS  replacement  policy. 

Recommendations  that  can  be  made  as  a  result  of  the  work  performed  on  this  program 
are  contingent  upon  the  Air  Force  making  a  decision,  based  on  the  available  data,  that  the 
performance  of  repaired  W/WS  is  acceptable.  If,  in  the  opinion  of  the  Air  Force,  the 
performance  of  repaired  W/WS  is  deemed  "good  enough,"  recommendations  are  made  for 
approved  W/WS  repair  vendors  and  repair  processes.  Recommendations  for  operating  a 
W/WS  repair  program  are  also  made. 
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1.0  INTRODUCTION 


1.1  Background 

Several  facilities  exist  for  repairing  aircraft  windows/windshields  (W/WS),  and  with 
U.S.  Federal  Aviation  Authority  (FAA)  approval,  many  commercial  airlines  are  currently 
utilizing  these  services.  The  cost  of  repairing  a  WAVS  is  substantially  less  than  the  purchase 
price  of  a  new  W/WS  for  commercial  fleets,  so  the  incentive  for  them  to  use  repaired  W/WS 
is  large.  The  favorable  experience  that  the  commercial  fleet  has  had  with  repaired  W/WS 
suggests  that  they  will  continue  to  use  repaired  W/WS  in  the  foreseeable  future. 

The  U.S.  Air  Force  has  historically  rejected  the  notion  of  using  repaired  W/WS.  With 
decreasing  Congressional  funding  for  the  military,  measures  to  reduce  fleet  operating  costs 
are  receiving  greater  scrutiny.  Based  on  the  experience  that  the  commercial  fleet  has  had 
with  repaired  W/WS,  the  issue  of  using  repaired  W/WS  on  military  aircraft  is  now  being 
systematically  considered.  To  ensure  that  repaired  W/WS  are  safe  and  that  they  provide  a 
similar  cost  savings  benefit  to  the  Air  Force,  a  program  of  thorough  evaluation  and  testing 
was  required. 

In  September  1991,  the  Air  Force  contracted  with  Battelle  to  investigate  the 
consequences  and  impact  of  using  repaired  W/WS.  The  program  was  to  evaluate  feasibility 
by  testing  the  functional  performance  of  repaired  W/WS  and  by  performing  an  economic 
analysis.  Adequate  functional  performance  and  a  favorable  economic  analysis  would  then 
provide  the  justification  for  a  recommendation  to  use  repaired  W/WS. 

The  maintainability  of  Air  Force  fleet  aircraft  is  an  on-going  concern  because  many  of 
the  aircraft  in  the  current  inventory  are  projected  to  have  significant  roles  for  many  more 
years  (10  to  20  years).  By  decreasing  the  lead  time  and  procurement  costs  for  W/WS,  the 
maintainability  of  the  fleet  is  enhanced.  Furthermore,  by  gaining  more  control  over  the 
spare  parts  inventory,  fewer  new  parts  will  be  required  and  the  costs  of  the  W/WS  program 
will  be  reduced. 

1.2  Objective 

The  objective  of  this  program  was  to  provide  a  rationale  for  either  accepting  or 
rejecting  the  use  of  repaired  W/WS  in  Air  Force  fleet  aircraft. 

1.3  Approach 

The  approach  followed  for  evaluating  whether  use  of  repaired  W/WS  is  a  viable  option 
for  the  Air  Force  was  to  procure  some  used  W/WS,  make  prototypical  repairs  on  them,  and 
then  subject  the  repaired  W/WS  to  a  battery  of  tests  to  see  if  there  is  any  difference  in 
performance  when  compared  with  new  W/WS.  Making  prototypical  repairs  provides 
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baseline  data  for  repair  costs.  The  battery  of  tests  provides  an  evaluation  of  fitness  for 
purpose  of  the  repaired  W/WS. 

The  W/WS  selected  for  evaluation  in  this  program  were  from  C/KC-135  aircraft. 

These  W/WS  are  of  typical  laminated  glass  and  plastic  construction  and  include  integral 
heaters.  Repairs  considered  in  this  program  included  surface  damage,  delamination, 
electrical  heater  problems,  broken  layers,  and  seal/mounting  problems.  Repairs  were 
subcontracted  to  commercial  fleet  W/WS  repair  stations  with  instructions  to  remrn  repairable 
W/WS  to  Original  Equipment  Manufacmrer  (OEM)  specifications  per  the  approved  processes 
in  the  repair  vendor's  FAA  W/WS  Air  Agency  Certificates.  The  direct  costs  for  performing 
the  repairs  on  the  test  prototypes  forms  the  foundation  of  the  economic  analysis. 

The  approach  to  evaluating  the  functional  performance  of  the  repaired  W/WS  involved 
a  rigorous  set  of  tests  designed  to  determine  if  the  repair  processes  have  degraded  the  W/WS 
when  compared  with  new  W/WS.  Both  repaired  and  new  W/WS  were  subjected  to  pressure, 
impact,  optical,  and  heater  operation  tests,  similar  in  spirit  to  W/WS  qualification  tests. 
Provided  that  the  repaired  and  new  W/WS  perform  the  same,  the  use  of  repaired  W/WS  can, 
at  least  on  a  performance  basis,  be  justified. 

1.4  Report  Contents 

In  the  sections  that  follow,  the  results  of  this  IVz-yeax  smdy  are  presented.  The  report 
begins  with  a  discussion  of  the  selection  of  repair  candidate  prototypes  for  the  program  and 
ends  with  recommendations  for  the  Air  Force  on  implementing  a  W/WS  repair  program. 
Topics  presented  include: 

•  C/KC-135  W/WS  construction  details 

•  Selection  and  condition  of  the  W/WS  repaired  in  this  program 

•  A  generic  discussion  of  glass-laminate  aircraft  W/WS  repairs,  identification  of 
the  repair  vendors  that  were  involved  with  this  program,  and  details  of  the  acmal 
repairs  made  to  the  W/WS 

•  Repaired  W/WS  performance  evaluation,  including  test  procedures,  pass/fail 

criteria,  and  test  results 

•  A  cost  analysis 

•  Conclusions  and  recommendations. 


2.0  PROTOTYPE  SELECTION 


The  C/KC-135  aircraft  was  selected  as  the  prototype  for  evaluating  the  feasibility  of 
using  repaired  W/WS  because  the  number  of  aircraft  in  the  fleet  is  fairly  high,  the  C/KC-135 
is  projected  to  be  in  service  for  many  more  years,  and  because  the  repair  vendors  have  direct 
experience  repairing  the  essentially  equivalent  Boeing  707  W/WS.  The  C/KC-135  has  10 
cockpit  W/WS  identified  in  Figure  2.1,  5  on  the  pilot  side  and  5  on  the  copilot  side.  The  set 
of  five  W/WS  on  the  copilot  side  are  a  mirror  image  of  the  pilot  side  W/WS.  W/WS  #1  is 
the  forward  W/WS,  ffl  and  #3  are  side  W/WS,  and  #A  and  #5  are  eyebrow  W/WS.  All  of 
the  W/WS  except  #2  are  fixed  in  position.  W/WS  #2  opens  to  provide  ventilation  and 
ground  communication  by  sliding  aft  on  a  track.  Table  2.1  lists  the  current  part  numbers  for 
the  C/KC-135  W/WS. 

2.1  C/KC-135  W/WS 

Figure  2.2  shows  the  general  construction  of  the  C/KC-135  W/WS.  The  C/KC-135 
W/WS  have  a  three -part  glass  and  vinyl  laminate  construction.  The  inner  layer  is  thick, 
heat-strengthened  plate  glass  designed  to  withstand  cabin  pressure  forces.  A  transparent, 
plasticized,  polyvinyl  butyral  core  layer  acts  as  the  "fail-safe"  load  carrying  member  and 
prevents  shattering  in  the  event  of  inner  ply  failure.  The  outer  ply  is  a  relatively  thin  layer 
of  heat-strengthened  glass  with  no  structural  significance,  but  it  provides  rigidity  and  a 
scratch-resistant  surface.  A  phenolic  or  masonite  filler  strip,  located  around  the  edge  of  the 
W/WS,  and  a  metal  filler  strip  embedded  in  the  vinyl  provide  the  means  to  attach  the  W/WS 
to  the  airframe.  Vinyl  or  vinyl  and  rubber  bumpers  protect  the  sides  of  the  outer  ply. 

The  structural  integrity  design  of  C/KC-135  cockpit  W/WS  is  based  on  two 
requirements:  "fail-safe"  pressure  integrity  and  bird  impact  resistance.  The  "fail-safe" 
pressure  integrity  is  founded  on  two  redundant  systems,  an  inner  glass  ply  that  can  sustain 
the  full  rated  cabin  pressure  in  the  absence  of  all  other  layers,  and  a  polymeric  core  ply  that 
can  maintain  pressure  integrity  if  the  inner  and  outer  glass  plies  are  cracked.  The  bird 
impact  structural  integrity  of  W/WS  is  either  characterized  as  "bird  bagging"  or  "bird 
bounce."  Bird  bagging  W/WS,  typically  two  glass  layers  with  a  polymeric  core  ply,  stop 
bird  penetration  by  large  ductile  deformation  of  the  core  ply,  i.e.,  "bagging"  the  bird.  Bird 
bounce  W/WS  are  typically  multilaminates  and  cause  the  bird  to  "bounce"  off  the  W/WS. 

The  C/KC-135  W/WS  main  cockpit  W/WS  are  "bird  bagging"  W/WS. 

The  glass  used  m  C/KC-135  W/WS  is  heat  strengthened  to  provide  resistance  to 
cracking.  The  glass  is  heated  to  near  the  softening  point  and  then  quenched  to  produce 
compressive  residual  stresses  that  extend  from  the  outer  surface  into  a  depth  of  about  1/6*  of 
the  glass  thickness.  Below  the  compressive  stress  layer  lies  tensile  residual  stresses.  As 
long  as  surface  defects  do  not  penetrate  into  the  tensile  layer,  the  glass  will  exhibit  a  high 
resistance  to  fracture.  Once  a  crack  does  fully  penetrate  the  tensile  layer,  the  glass  will 
shatter  as  the  tensile  stresses  are  relieved. 
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The  vinyl  core,  which  acts  as  the  "fail-safe"  pressure  boundary  and  means  for 
controlling  glass  fragments  in  the  event  of  a  glass  ply  failure,  is  highly  plasticized  polyvinyl 
butyral.  The  vinyl  is  relatively  brittle  at  low  temperamres  (-65°  and  unable  to  absorb 
much  energy  per  unit  volume.  At  temperamres  approaching  130°  F,  the  vinyl  becomes  very 
ductile  and  can  absorb  a  relatively  large  amount  of  energy  as  it  is  loaded.  W/WS  heaters, 
which  not  only  de-fog  and  de-ice  the  glass,  ensure  that  the  vinyl  remains  ductile. 

An  integral  part  of  the  C/KC-135  W/WS  construction  is  slip  planes  or  a  parting 
medium  at  the  edges  of  the  glass.  A  slip  plane  is  located  between  both  the  inner  glass  ply 
and  the  vinyl  and  the  outer  glass  ply  and  the  vinyl  as  shown  in  Figure  2.3.  The  slip  planes 
are  thin  strips  of  material  at  the  glass-vinyl  interface  that  keep  the  glass  from  bonding  to  the 
vinyl.  This  allows  the  various  plys  to  move  independently  at  these  locations  in  response  to 
pressure  loads  and  differential  thermal  expansion.  Without  the  slip  planes,  the  glass  at  the 
edges  of  the  W/WS  would  be  prone  to  fracmre  because  it  would  exceed  its  strain  limit  as  it 
tried  to  move  with  the  underlying  vinyl.  The  slip  planes  form  a  "softer"  connection  that 
promotes  a  more  gradual  build  up  of  strains  in  the  glass  so  that  it  does  not  exceed  its  strain 
capacity.  Although  the  slip  planes  look  similar  to  delamination,  they  are  not  defects  but  an 
intentional  part  of  the  W/WS  design. 

The  C/KC-135  cockpit  W/WS  contain  heating  systems  for  anti-icing  and/or  anti¬ 
fogging.  An  electrically  conductive  film  of  pyrolytic  tin  oxide  between  the  outer  ply  and 
vinyl  core  ply  is  used  to  heat  the  #1  and  #2  W/WS  to  reduce  ice/frost  formation.  A  similar 
conductive  film  between  the  inner  ply  and  core  ply  is  used  on  #3,  #4,  and  #5  W/WS  for 
defogging  only.  The  W/WS  heating  system,  so  called  NESA®  coated  glass,  uses  the 
resistivity  of  the  film  to  provide  the  heating.  The  #1  W/WS  also  contain  fine  wires  at  the 
W/WS  edges  between  the  outer  glass  ply  and  vinyl,  so-called  edge  heaters,  to  correct  a 
heating  power  deficiency  in  the  comer.  The  temperamre  of  the  #1  and  #2  W/WS  is 
controlled  with  an  integral  sensor.  Externally  applied  thermal  switches  control  the 
temperamre  of  #3,  #4,  and  #5  W/WS. 

A  temperamre  sensor  embedded  in  the  laminate  of  the  #1  W/WS  regulates  the 
temperamre  of  the  #1  and  #2  W/WS  when  the  heater  is  on.  The  sensor,  a  negative 
temperamre  coefficient  (NTC)  thermistor,  exhibits  increasing  resistance  with  increasing 
temperamre.  When  wired  in  an  appropriate  power  amplifier  control  circuit,  as  the  W/WS 
and  sensor  temperamre  rises,  the  sensor  resistance  increases.  This  causes  the  control 
amplifier  to  shut  off  current  to  the  W/WS,  and  hence  power  dissipated  by  the  heater  film, 
thus  reducing  the  temperamre.  When  the  temperamre  drops  below  a  lower  setpoint,  the 
control  amplifier  mrns  power  back  on  to  the  W/WS. 

Seals  on  the  W/WS  keep  cabin  pressure  in  and  moismre  out.  In  addition,  they  act  as 
vibration  and  shock  absorbers  and  help  to  compensate  for  differential  thermal  expansion. 
W/WS  #3,  #4,  and  #5  utilize  a  silicone  rubber  molded-in-place  pressure  seal  that  is  molded 
to  the  W/WS  mounting  surface.  Drawing  the  W/WS  tight  to  the  airframe  with  its  mounting 
bolts  effects  the  seal.  On  the  #2  W/WS,  a  bellcrank  mechanism  presses  the  W/WS  against 
the  airframe  when  it  is  closed  and  latched.  The  #1  W/WS  uses  a  molded-in-place  seal 
similar  the  other  W/WS,  except  that  a  stainless  steel  Z-channel  is  sandwiched  between  a 
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silicon  rubber  cushion  and  a  beaded  pressure  seal.  The  mounting  bolts  provide  the  pressure 
to  hold  the  W/WS  tight  against  the  airframe.  All  of  the  C/KC-135  W/WS  mount  from  the 
inside  of  the  aircraft. 

2.2  Program  Prototypes 

OC-ALC  made  arrangements  to  have  C/KC-135  W/WS  that  were  removed  from  fleet 
aircraft  at  Tinker  AFB  shipped  to  Battelle.  Over  100  W/WS  were  screened  to  find  75 
prototype  repair  candidates.  All  five  C/KC-135  W/WS  types  were  included  in  the  75  W/WS 
population.  At  the  time  of  their  removal,  the  W/WS  were  judged  not  serviceable  per  the 
criteria  of  the  applicable  C/KC-135  Fuselage  Window  Tech  Order,  Section  8  of  T.O. 
lC-135(K)A-2-2.  Indicated  reasons  for  removal  fi'om  service  included:  failed  heaters, 
bubbles,  scratches,  separation,  leaks,  old,  discolored,  and  corrosion. 

The  service  history  of  the  prototype  repair  candidates  is  not  known  because:  1)  very 
few  of  the  W/WS  had  airframe  numbers,  2)  W/WS  are  not  tracked  by  serial  number,  and  3) 
planes  are  moved  from  location  to  location  as  a  part  of  normal  squadron  rotation.  In  most 
instances,  the  date  of  removal  from  service  was  not  noted.  The  installation  date  is  not 
known  for  any  of  the  W/WS.  All  that  is  known  for  certain  is  the  year  the  W/WS  was  made; 
the  first  one  or  two  digits  of  the  serial  number  indicate  the  year  the  W/WS  was  made  -  a 
single  digit  is  a  1970's  vintage  W/WS. 

Table  2.2  lists  the  type,  serial  number,  and  condition  of  the  75  C/KC-135  repair 
candidates.  W/WS  that  have  serial  numbers  that  begin  with  numbers  were  made  by  PPG, 
while  those  that  start  with  letters  were  made  by  Libbey-Owens-Ford. 

At  the  outset  of  the  program,  the  plan  was  to  repair  and  test  some  of  each  of  the  five 
different  C/KC-135  W/WS.  A  large  number  of  the  repair  prototype  candidate  W/WS, 
however,  were  judged  not  repairable  by  virtue  of  out-of-specification  or  open  circuit  heaters. 
In  conjunction  with  OC-ALC,  the  decision  was  made  to  proceed  with  repairing  and  testing 
only  #1  and  #4  W/WS.  Although  other  repair  candidates  could  have  been  obtained,  it  was 
felt  that  the  program  objectives  could  be  adequately  met  if  only  two  of  the  five  W/WS  types 
were  evaluated.  The  #1  and  #4  W/WS  were  selected  because  they  have  construction  (and 
consequently  repairs)  that  is  typical  of  all  of  the  C/KC-135  W/WS,  there  was  enough  W/WS 
in  the  population  to  conduct  all  of  the  tests  in  the  test  matrix,  and  the  #1  and  #4  W/WS  are 
the  only  reasonable  bird  impact  test  candidates. 

2.3  C/KC-135  #1  and  #4  WAVS 

Table  2.3  lists  the  general  dimensions  for  the  #1  and  #4  W/WS.  The  #1  W/WS  is  a 
flat,  nearly  rectangular  W/WS.  The  #4  W/WS,  on  the  other  hand,  is  roughly  square  in  the 
plan  view  and  has  curvature  (approximately  0.65  inches  out  of  plane  across  the  largest 
diagonal  in  the  viewing  area).  The  general  construction  was  noted  in  Section  2.1.  Figures 

2.4  and  2.5  show  detailed  cross-sections  of  the  #1  and  #4  W/WS. 
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In  general,  because  the  #1  W/WS  is  flat,  it  is  one  of  the  easiest  W/WS  to  manufacture 
and  repair.  Being  flat,  the  optics  of  #1  W/WS  are  very  good.  The  curvature  on  the  #4 
W/WS  tends  to  result  in  some  degree  of  optical  distortion,  and  the  curvature  makes  it 
somewhat  more  difficult  than  a  #1  to  repair,  in  spite  of  its  small  size. 


3.0  W/WS  REPAIRS 
3.1  Aircraft  W/WS  Damage 

The  most  common  failure  modes  of  laminated  transparencies  are: 

•  Delamination:  separation  of  vinyl  from  the  glass 

•  Cracks  and  chipping:  glass  breakage  due  to  high  stress 

•  Arcing:  unbalanced  electrical  potential  within  the  conductive  coating 

•  Heater  Failure:  loss  of  continuity  in  the  heater  or  heater  sensor  circuit 

•  Impaired  Vision:  surface  scratches,  contaminates,  or  internal  defects 

•  Contamination:  air  or  water  leaks  caused  by  defective  seals 

•  Vinyl  cracking. 

Delamination  is  separation  of  the  glass  surface  of  the  inner  or  outer  ply  from  the  vinyl 
core  ply  to  which  it  is  bonded.  Delamination  generally  starts  at  the  slip  planes  and  moves 
inward,  although  it  may  occur  anywhere  in  the  W/WS.  It  mainly  occurs  between  the  outer 
ply  and  the  vinyl  ply.  Delamination  does  not  dramatically  reduce  the  strength  of  the  W/WS, 
but  may  interfere  with  vision  or  W/WS  heating  if  the  delamination  occurs  at  the  interface 
where  the  heating  film  is  located. 

Cracks  and  chips  may  occur  in  either  of  the  glass  plys  and  may  be  caused  by  impacts 
or  by  high  stresses  at  the  edges  of  the  glass.  Single  cracks  in  the  outer  ply  are  unlikely 
because  the  temper  in  this  layer  precludes  a  single  crack.  After  the  momentary  appearance 
of  a  crack  in  the  outer  layer,  the  entire  layer  shatters  very  abruptly.  Small  cracks  very  near 
the  edges  of  the  W/WS  may  not  be  cause  for  removal,  provided  the  crack  is  not  directed 
toward  the  center  of  the  pane.  Cracks  that  adversely  affect  the  functioning  of  the  heater 
would  not  be  acceptable.  Chips  may  occur  internally  or  externally.  Internal  chips  are 
caused  by  the  glass-vinyl  bond  strength  exceeding  the  strength  of  the  glass.  External  chips 
are  generally  caused  by  impacts.  Chips  usually  have  a  clamshell  shape,  are  rough,  and  white 
powdered  glass  is  often  in  evidence.  Chips  are  detrimental  to  the  strength  of  the  pane. 
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W/WS  busbar  breakdown  and  faults  in  the  heater  film  cause  arcing.  Basically,  the 
insulation  breaks  down  and  the  heater  electrical  current  short  circuits  to  the  airframe.  Arcing 
is  evidenced  by  burned  areas  around  electrical  braid  and  along  the  busbar. 

The  failure  of  the  W/WS  heater  to  de-ice  or  defog  satisfactorily  is  one  of  the  most 
serious  failure  modes.  Arcing,  chips,  cracks,  or  lack  of  continuity  in  the  heater  film  that 
render  the  heater  inoperative  are  cause  for  W/WS  replacement.  Uneven  heating  or  hot  spots 
caused  by  delamination  at  the  glass-vinyl  interface  with  the  heating  film  or  chips  may  also  be 
a  cause  for  removal. 

Satisfactory  optical  properties  of  the  W/WS  are  paramount.  Foggy  or  cloudy  areas 
may  appear  in  areas  where  moisture  has  penetrated  the  vinyl  and  has  begun  to  degrade  it. 
Scratches  may  occur  on  both  the  inner  and  outer  plys  that  may  interfere  with  visibility. 
Likewise,  delamination  may  become  serious  enough  to  warrant  replacement  of  the  W/WS  on 
the  basis  of  reduced  visibility.  Bubbles  may  occur  in  the  vinyl  core  ply  in  W/WS  that  have 
been  exposed  to  elevated  temperatures.  Bubbles  are  caused  by  gas  liberated  from  the  vinyl, 
and  grow  in  size  and  number  with  increased  temperature  or  longer  exposures.  Needless 
operation  of  the  heaters  on  the  ground  is  a  prime  cause  of  bubbles.  Bubbles  do  not  have  a 
large  effect  on  strength  of  the  W/WS,  but  may  become  serious  enough  to  impair  visibility. 
Although  other  failure  modes  may  not  be  evident,  poor  optical  performance  is  always  a 
sufficient  cause  for  W/WS  replacement. 

The  bumpers  on  the  edge  of  the  outer  glass  form  a  rnoismre  barrier.  Degradation  of 
the  bumper  in  the  form  of  cracking  or  separation  from  the  edge  of  the  outer  glass  ply  can 
allow  moisture  and  air  to  get  into  the  slip  planes.  Moisture  can  degrade  the  heater  film  with 
consequent  initiation  of  heater  failure,  arcing,  delamination,  and  contamination. 

As  a  result  of  aging,  cracks  may  occur  in  the  vinyl.  Over  time,  attack  by  ultraviolet 
radiation  and  high  temperatures  also  causes  the  vinyl  to  lose  ductility.  Eventually,  cracks 
may  form  around  the  periphery  of  the  W/WS  in  proximity  to  the  metal  insert  as  the  glass  and 
vinyl  try  to  move  relative  to  one  another.  Vinyl  cracks  significantly  weaken  the  structure  of 
the  W/WS  by  putting  flaws  directly  in  the  load  path  between  the  transparency  and  the 
airframe  for  bird  impact  loads.  Per  Figures  2.4  and  2.5,  only  the  vinyl  extends  out  to  the 
mounting  holes,  not  the  glass.  Therefore,  if  the  vinyl  is  cracked  near  the  metal  insert,  the 
W/WS  could  just  "punch  out"  of  the  frame  into  the  cabin.  The  vinyl  layer  is  also  the 
pressure  "fail-safe"  layer,  so  vinyl  cracks  are  quite  important. 

In  addition  to  cracking,  the  vinyl  layer  may  discolor  or  darken  if  it  is  subjected  to 
temperature  in  excess  of  225  F.  Foreign  substances  in  the  glass-vinyl  interface,  either  from 
in-service  conditions  or  introduced  as  a  part  of  a  repair  process,  may  also  cause 
discoloration. 
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3.2  Repair  Vendors 

3.2.1  NORDAM  Transparency  Division 

NORDAM  Transparency  Division  is  one  of  the  world's  largest,  privately-held,  FAA- 
approved  transparency  repair  stations.  They  provide  comprehensive  overhaul  capabilities  on 
glass  and  acrylic  W/WS.  Located  in  Tulsa,  Oklahoma,  NORDAM  has  more  than  15  years 
experience  in  the  repair  and  overhaul  of  aircraft  W/WS. 

Repairs  that  NORDAM  is  authorized  to  make  include  relaminating,  surface  polishing, 
and  seal  rehabilitation.  Autoclave  curing  of  delamination,  bubbles,  voids  and  interlayer  vinyl 
cracking  is  done  with  the  same  laminating  cycles,  times  and  methods  utilized  in  the  original 
manufacture  of  the  W/WS.  Polishing  includes  removal  of  scratches,  chips  and  pits  from  the 
outer  glass  or  acrylic  plies.  Original  optimum  optics  are  restored  with  the  least  amount  of 
surface  removal,  in  accordance  with  strict  adherence  to  OEM  manual  limits  for  removal. 

Seal  rehabilitation  includes  cleaning,  repairing,  or  replacing  of  seals  as  required.  NORDAM 
is  authorized  by  the  FAA  under  Air  Agency  Certificate  EZ22812K  to  make  the  W/WS 
repairs.  Appendix  A  has  a  copy  of  the  certificate. 

In  addition  to  their  W/WS  repair  business,  NORDAM  also  manufactures  W/WS, 
cockpit  side  panels,  canopies,  cabin  windows,  wing  tip  lenses  and  landing  light  covers  for 
commercial,  regional,  military,  helicopter,  and  general  aviation  aircraft.  Products  made 
from  stretched  and  cast  acrylic,  polycarbonate,  and  glass  are  made  in  either  monolithic  or 
laminated  configurations. 

3.2.2  Perikins  Aircraft  Services,  Inc. 


Perkins  Aircraft  Services,  Inc.  specializes  in  the  overhaul  and  repair  of  both  monolithic 
and  laminated  aircraft  transparencies  made  of  glass  or  acrylic.  Located  in  Ft.  Worth,  Texas, 
Perkins  is  an  FAA-approved  repair  facility  authorized  to  make  in-plant  and  "on  the  aircraft" 
repairs. 

A  five-step  process  is  used  by  Perkins  to  restore  damaged  W/WS  to  an  FAA- 
serviceable  condition.  First,  all  incoming  W/WS  are  given  a  thorough  inspection  to 
determine  whether  the  W/WS  can  be  repaired.  W/WS  with  out-of-specification  electrical 
systems  or  that  are  otherwise  judged  unrepairable  are  rejected  and  returned.  The  second  step 
of  the  process  is  repair  of  delamination.  Using  a  proprietary  autoclave  process,  the  W/WS 
are  heated  and  pressed  to  rebond  the  W/WS  layers.  Polishing,  the  third  step  in  the  W/WS 
repair  process,  is  done  to  remove  scratches,  chips,  and  in  the  case  of  plastic  W/WS,  crazing, 
using  automated  polishing  machines.  The  fourth  step  is  reassembly.  In  this  step,  the 
transparencies  are  matched  up  to  their  original  frames,  as  applicable,  and  seals  and  gaskets 
are  replaced.  The  final  step  in  Perkins'  W/WS  repair  process  is  to  perform  a  quality 
assurance  inspection  to  ensure  that  all  of  the  necessary  repairs  have  been  made  and  that  the 
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W/WS  has  been  restored  to  OEM  specifications.  Perkins  holds  FAA  Air  Agency  Certificate 
JKQR257L,  see  Appendix  A,  which  authorizes  them  to  operate  their  W/WS  repair  station. 

3.2.3  The  Glass  Doctor 

The  Glass  Doctor  of  St.  Petersburg,  Florida  got  into  the  aircraft  transparency  repair 
business  in  1979  after  working  in  the  automobile  windshield  repair  business  for  10  years. 
Starting  with  cabin  window  repairs,  the  business  has  expanded  to  also  include  FAA-approved 
repair  of  all  cockpit  W/WS  as  well  as  cabin  windows. 

The  Glass  Doctor  has  developed  special  techniques  for  repairing  chips,  nicks,  and 
delaminations  in  W/WS.  Unlike  the  other  aircraft  W/WS  repair  vendors.  The  Glass  Doctor 
does  not  rely  solely  upon  polishing  and  re-autoclaving  of  the  W/WS  to  effect  the  repairs.  As 
described  in  U.S.  patents  #3,841,932,  #3,914,145,  and  #4,780,162,  The  Glass  Doctor 
repairs  conical  cracks  by  filling  the  crack  with  a  polymerizable  resin  that  is  vibrated  into 
place  by  motion  of  the  conical  plug,  see  Figure  3.1.  Delamination  repairs  are  made  by 
injecting  an  adhesive  between  the  delaminated  plys  per  Figure  3.2.  Polishing  for  scratch  and 
distortion  removal  is  also  done.  Using  experience  gained  from  their  delamination  repair 
techniques.  The  Glass  Doctor  has  also  developed  the  unique  capability  to  replace  failed 
W/WS  heater  sensors  and  can  repair  open  or  arcing  busbars.  Failed  heater  sensors  are 
replaced  by  drilling  into  the  vinyl  and  potting  a  new  sensor  in  the  hole.  Open  or  arcing 
busbars  are  repaired  by  injecting  a  conductive  adhesive  material  at  the  glass-vinyl  interface 
where  the  busbar  defect  is  located.  Although  there  is  some  controversy  in  the  aircraft  W/WS 
repair  industry  associated  with  the  repairs  that  The  Glass  Doctor  makes,  repairs  are  under 
warranty  for  up  to  3  years  (scratches  excluded),  and  the  reported  rate  of  warranty  work  is 
very  low. 

The  Glass  Doctor  operates  its  W/WS  repair  station  under  FAA  Air  Agency  Certificate 
OX4R430M.  A  copy  of  The  Glass  Doctor's  certificate  is  attached  in  Appendix  A. 

3.3  Repair  Details 

Some  of  the  damage  described  in  Section  3.1  can  be  repaired.  To  test  the  capabilities 
of  the  repair  vendors  to  return  W/WS  to  a  serviceable  condition,  contacts  at  the  three  repair 
vendors  were  established  to  solicit  their  interest  in  participating  in  this  program. 

Participation  in  the  program  was  on  a  paid  basis,  with  the  stipulation  that  the  Air  Force, 
through  Battelle,  had  to  know  something  about  the  repair  processes  for  quality  control 
reasons.  In  particular,  if  the  repair  processes  deviate  from  the  processes  used  in  the  original 
manufacture  of  the  W/WS,  the  Air  Force  felt  that  they  needed  a  specification  to  ensure  that 
they  get  the  same  product  each  time  they  buy. 

In  making  arrangements  for  the  repairs,  Battelle  was  to  sign  confidential  disclosure 
agreements  with  the  repair  vendors  that  would  prohibit  Battelle  from  disclosing  trade  secrets 
and  process  details.  From  their  advertising  literature,  it  is  clear  that  the  W/WS  repair 
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processes  used  by  NORDAM  and  Perkins  are  consistent  with  the  original  manufacture  of  the 
W/WS.  The  repairs  made  by  The  Glass  Doctor,  on  the  other  hand,  because  they  involve 
injection  of  adhesives  and  resins  into  the  WAVS,  are  different  than  the  OEM  processes. 

Terms  and  conditions  for  a  site  visit  and  repair  of  a  number  of  W/WS  were 
successfully  negotiated  only  with  NORDAM  and  Perkins.  Thus,  only  NORDAM  and 
Perkins  made  W/WS  repairs  for  this  program. 

The  set  of  75  C/KC-135  W/WS  Battelle  had  to  work  with  was  divided,  and  half  sent  to 
NORDAM  and  half  sent  to  Perkins.  Each  vendor  evaluated  the  repairability  of  the  W/WS 
that  they  were  sent  and  provided  an  estimate  of  the  repair  costs  for  each  W/WS.  In 
conjunction  with  Battelle  engineers,  a  subset  of  the  75  W/WS  was  selected  for  repair. 

Perkins  repaired  7  #1  W/WS  and  2  #4  W/WS.  NORDAM  repaired  8  #rs  and  8  #4's. 

Tables  3.1  and  3.2  provide  details  of  the  prototype  repairs  made  to  the  #1  and  #4 
W/WS  that  were  subsequently  tested.  To  fill  out  the  test  matrix,  unrepaired  W/WS  were 
included  in  the  test  program,  one  #\  and  six  #4's.  The  original  intent  was  to  have  a 
balanced  number  of  repairs  from  each  vendor  and  a  balance  in  the  types  of  repairs  made. 
Unfortunately,  it  did  not  work  out  this  way,  because  Perkins  got  a  disproportionately  large 
number  of  unrepairable  W/WS.  Because  the  performance  of  unrepaired  W/WS  provides  a 
baseline  for  as-removed  condition,  including  diem  in  the  test  matrix  was  essential. 


4.0  PERFORMANCE  TESTING 
4.1  Test  Philosophy 

The  fitness  for  purpose  of  the  repaired  C/KC-135  W/WS  was  evaluated  using  a 
rigorous  test  program.  In  formulating  the  test  program,  the  plan  was  to  select  a  set  of  tests 
that  would  assess  the  critical  performance  elements  of  the  W/WS:  general 
electrical/optical/mechanical  characteristics,  pressure  integrity,  residual  strength,  and  impact 
resistance.  Performing  these  types  of  tests  at  limiting  load  or  operational  conditions,  failures 
would  be  encouraged  in  repaired  W/WS  that  would  not  occur  in  new  W/WS  unless  the 
repaired  W/WS  were  degraded  either  by  virtue  of  their  age  or  by  virme  of  having  undergone 
the  repair  process. 

The  test  plan  was  developed  as  a  joint  effort  between  Battelle,  OC-ALC,  and  the  Flight 
Dynamics  Laboratory  at  Wright-Patterson  AFB.  Because  the  Air  Force  does  not  own  the 
Boeing  707  airframe  design  on  which  the  C/KC-135  is  based,  they  do  not  have  W/WS 
drawings  and  the  W/WS  design  specifications  or  W/WS  vendor  qualification  test  protocols. 
Consequently,  the  test  plan  was  developed  from  the  C/KC-135  Tech  Orders  and  the  open 
literamre  on  W/WS  testing. 
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In  order  to  assess  whether  the  performance  of  the  repaired  W/WS  is  satisfactory,  a 
standard  for  comparison  must  be  defined.  Obviously,  the  performance  of  new  W/WS  should 
be  the  basis  for  the  comparison.  Simply  stated,  the  repaired  W/WS  should  perform  just  like 
new  W/WS.  In  an  ideal  situation,  information  for  new  W/WS  would  be  available  to  define 
the  required  tests  for  the  repaired  W/WS  and  the  existing  new  W/WS  data  would  form  the 
basis  for  the  comparisons.  The  information  available  from  Boeing  and  OC-ALC  suggested 
that  data  on  prior  C/KC-135  W/WS  testing  was  sparse  or  very  difficult  to  retrieve,  so  the 
scope  of  the  testing  program  had  to  include  tests  of  new  W/WS  to  generate  the  baseline  new 
W/WS  performance  data.  In  addition,  because  of  uncertainty  in  setting  some  of  the 
parameter  selections  for  the  tests  (load  levels,  primarily),  the  test  program  included  a 
methodology  phase  verification  to  establish  that  the  new  W/WS  would  pass  the  tests. 
Although  testing  of  new  W/WS  was  primarily  a  response  to  the  lack  of  readily  available  new 
W/WS  test  data,  it  does  facilitate  the  process  of  making  the  comparisons  because  both  new 
and  repaired  W/WS  were  tested  under  absolutely  identical  conditions. 

The  new  W/WS  used  in  this  program  were  supplied  by  OC-ALC  from  stock  at  Tinker 
AFB.  The  new  #rs  were  copilot  side  W/WS.  All  of  the  other  W/WS  in  the  program  were 
from  the  pilot  side.  Copilot  side  #l  W/WS  were  used  because  the  stock  of  these  W/WS  was 
higher.  The  pilot  and  copilot  side  W/WS  are  mirror  images  of  one  another,  so  they  should 
perform  identically. 

The  test  program  was  originally  to  be  conducted  at  OC-ALC  or  other  Air  Force  test 
facilities,  with  Battelle  providing  oversight  and  test  data  analysis.  After  the  test  program  was 
defined,  an  attempt  was  made  to  locate  Air  Force  facilities  to  perform  the  prescribed  tests. 
The  test  plan  required  facilities  for  general  W/WS  optical/electrical/mechanical  inspection, 
pressure  and  thermal  cycling,  and  bird  impact  testing.  Although  portions  of  the  testing  could 
be  performed  at  various  Air  Force  facilities,  no  single  site  had  all  of  the  capabilities,  and  in 
many  cases,  substantial  modifications  or  upgrades  would  be  required  to  accommodate  the 
specific  needs  of  this  program  at  sites  where  portions  of  the  work  could  be  done.  In 
addition,  quoted  costs  at  the  Air  Force  facilities  were  quite  high.  To  fulfill  the  testing 
requirement,  therefore,  an  outside  vendor,  PPG  Industries,  Inc.  Aircraft  Products  Division 
was  subcontracted  to  do  all  of  the  C/KC-135  W/WS  testing. 

PPG's  Aircraft  Products  Division,  located  in  Huntsville,  Alabama,  has  been  in  the 
aircraft  transparency  business  since  1926  and  is  an  OEM  supplier  for  C/KC-135  W/WS  as 
well  as  other  Boeing  777  series  aircraft.  The  Huntsville  plant  is  America's  largest  and  most 
modern  facility  for  producing  aircraft  transparencies.  It  fabricates  W/WS  with  heat 
strengthened  and  chemically  tempered  glasses,  as-cast  and  stretched  acrylics,  and 
polycarbonates  for  commercial,  military,  and  general  aviation  aircraft.  As  a  leader  in  the 
field  of  aircraft  transparency  technology,  PPG  has  built  an  impressive  W/WS  qualification 
testing  facility.  The  facility  includes  bird  impact  testing,  environmental  testing,  high  strain 
rate  material  evaluation,  dynamic  deflection  analysis  with  high  speed  photography,  dynamic 
stress  analysis  with  strain  gages,  and  ballistic  testing  for  transparent  armor.  In  performing 
the  tests  for  this  program,  PPG  used  the  same  test  fixtures,  test  procedures,  and  QA 
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requirements  in  use  today  to  make  new  OEM  WAVS  for  C/KC-135's.  These  capabilities  at  a 
single  site,  coupled  with  their  intimate  knowledge  of  the  C/KC-135  WAVS  and  the 
functionally  equivalent  Boeing  777  series  products,  proved  valuable  to  this  program. 

4.2  Quality  Assurance 

The  testing  conducted  at  PPG  was  performed  in  accordance  with  specifications  defined 
in  contract  deliverable  Data  Item  A046  to  OC-ALC  entitled  "Final  Master  Test  Plan/Program 
Test  Plan  on  Development  of  Repair  Processes  and  Sources  for  C/KC-135  Aircraft 
Windows/Windshields."  This  document  was  submitted  to  PPG  as  "Program  Test  Plan  on 
Testing  of  Repaired  C/KC-135  Aircraft  Windows/ Windshields"  for  preparation  of  their 
proposal  bid.  The  corresponding  PPG  document,  "Verification  Test  Procedure  on  C/KC-135 
Aircraft  Repaired  Transparencies  #1,  #4,  and  #5  Windows,  Revision  A,"  was  reviewed  and 
approved  by  Battelle  and  defined  the  detailed  scope  of  work. 

PPG  is  an  OEM  supplier  for  C/KC-135  W/WS  and  consequently,  they  have  a  vested 
interest  in  selling  new  W/WS.  Because  using  repaired  W/WS  would  reduce  sales  of  new 
W/WS,  PPG  could  be  perceived  as  having  an  inherent  bias  against  repaired  W/WS  which 
might  be  reflected  in  the  test  results.  PPG  offered,  and  Battelle  frequently  exercised,  the 
option  to  wimess  the  tests.  No  indication  was  ever  detected  that  they  were  attempting  to 
influence  the  outcome  of  the  tests.  Their  work  was  always  done  to  the  highest  of 
professional  standards.  Fixture  fabrication,  minor  deviations  from  the  prescribed  test 
procedures  to  accommodate  instrumentation  problems,  etc.,  were  all  done  with  Battelle's 
concurrence.  Suggestions  that  Battelle  made  to  enhance  the  value  of  the  test  program  were 
willingly  implemented.  Their  final  report  is  presented  as  a  facmal  record  of  their 
observations  and  does  not  attempt  to  bias  the  conclusions  of  this  report. 

All  instrumentation  used  in  the  conduct  of  this  program  was  calibrated  in  accordance 
with  PPG  Quality  Control  procedures  which  guarantees  that  all  significant  instrumentation 
was  in  calibration  when  used  and  that  adequate  records  are  kept  to  document  such 
calibrations. 

4.3  General  Inspection 
4.3.1  Test  Procedures 

General  electrical/optical/mechanical  testing  of  repaired  W/WS  was  performed  to 
ensure  that  the  W/WS  is  in  specification  electrically,  that  the  repair  operations  have  not 
adversely  affected  optical  qualities,  and  that  the  fit  and  finish  is  correct.  All  of  the  W/WS 
tested  in  this  program  were  initially  given  a  thorough  14-item  inspection  by  the  PPG  Quality 
Control  Department.  The  inspection  included: 
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1)  Locating  and  recording  the  customer  part  number 

2)  Locating  and  recording  the  W/WS  serial  number 

3)  General  visual  inspection 

4)  Gasket/seal  evaluation 

5)  Thickness  measurements  at  prescribed  locations 

6)  Physical  tolerance  check 

7)  Bus-to-bus  resistance 

8)  Sensing  element  resistance 

9)  Electrical  insulation  integrity  test 

10)  Heater  operation  test 

1 1)  Heating  film  scratch  test 

12)  Luminous  transmittance  and  haze  measurement 

13)  Optical  deviation  measurement 

14)  Optical  distortion  photograph. 

With  little  exception,  the  indication  of  which  W/WS  were  new,  repaired,  or  unrepaired  was 
difficult  to  determine  from  a  superficial  visual  examination.  Only  a  detailed  technical 
examination,  equivalent  to  an  OEM  post-production  quality  control  check,  was  able  to 
uncover  differences  between  the  W/WS. 

4.3. 1.1  General  Visual  Examination 

A  visual  examination  was  performed  on  each  W/WS  to  assess  its  general  condition. 
During  this  inspection,  the  part  number  and  serial  number  were  located  and  recorded,  the 
W/WS  was  checked  for  delaminations  and  vinyl  cracks,  and  the  condition  of  the  seal  was 
evaluated.  Criteria  for  the  various  aspects  of  the  visual  examination  were  based  on  PPG 
experience  as  an  OEM  for  these  W/WS.  A  rating  of  accept  or  reject  was  employed. 
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4.3. 1.2  W/WS  Dimensional  Measurements 

The  repair  of  delaminations  involves  re-autoclaving  of  the  W/WS  to  rebond  the  vinyl 
inner  layer  to  the  glass.  Because  the  vinyl  layer  is  pressed  at  an  elevated  temperature  and 
consequently  may  flow,  the  overall  thickness  of  the  W/WS  may  be  reduced  and  the  location 
of  power/sensor  terminals  and  bolt  holes  may  shift.  To  determine  if  the  repair  processes 
cause  such  changes,  some  dimensional  measurements  of  the  W/WS  were  made. 

To  assess  the  extent  of  thickness  reduction  caused  by  re-autoclaving,  total  thickness  of 
the  W/WS  was  measured  at  selected  locations.  For  the  #1  W/WS,  a  12-point  grid  was  used, 
while  a  2  by  2  grid  was  used  for  #4  W/WS.  Measurements  were  made  to  the  nearest  0.001 
inch  using  a  micrometer. 

The  physical  tolerance  check  was  made  to  see  if  critical  dimensions,  including  proper 
fit  dimensions,  location  of  electrical  connections,  and  bolt  hole  locations,  had  been  changed 
by  the  repairs.  Each  W/WS  was  checked  using  check  fixtures  used  in  the  original 
manufacture  of  these  W/WS.  An  overall  dimensional  trim  check  was  requested,  but  the 
OEM  check  tool  was  designed  to  be  used  prior  to  application  of  the  edge  coating  material. 
Removal  of  the  edge  coating  to  make  the  measurements  did  not  seem  justified,  in  light  of  the 
fact  that  part  of  the  repair  process  entails  replacement  of  the  edge  coating,  so  the  overall 
dimensional  trim  measurement  was  abandoned.  A  go-no  go  rating  was  used  for  the  check 
fixture  tests  that  could  be  made. 

4.3. 1.3  Basic  Electrical  Measurements 

Electrical  resistance  measurements  were  made  using  the  standard  electrical  resistance 
measurement  function  on  Fluke  digital  multimeters  to  determine  if  the  heaters  and  sensors 
were  within  acceptable  tolerances.  Both  bus-to-bus  resistance  and  sensor  resistance  (#1 
W/WS  only)  were  measured.  From  the  Boeing  overhaul  manual,  the  bus-to-bus  resistance 
should  be  31-58  ohms  for  the  #1  W/WS  and  60-100  ohms  for  #4  W/WS.  Sensor  resistance 
for  #1  W/WS  is  temperature  dependent,  and  should  be  305  to  320  ohms  at  70°  F.  The  #A 
W/WS  does  not  have  an  integral  sensor. 

Electrical  insulation  integrity  was  checked  using  a  Hipotronics  300  Series  Hipot  and 
Megohmmeter  at  2500  volts  A.C.  On  #1  W/WS,  insulation  integrity  was  checked  between 
the  power  bus  and  the  sensor  element,  sensor  element  and  the  metal  frame  retainers,  and 
from  sensor  element  to  sensor  element.  On  #4  W/WS,  the  integrity  was  checked  between 
the  power  bus  and  the  metal  frame  retainers.  Only  a  pass  or  fail  rating  is  considered. 

4.3. 1.4  Heater  Operation  Tests 

Sensor  operation  and  heating  uniformity  were  evaluated  by  infrared  imaging.  In  this 
test,  the  W/WS  was  powered  with  60  Hertz  power  at  a  voltage  appropriate  to  the  W/WS 
heater  resistance.  During  the  power  up,  the  ability  of  the  W/WS  sensor  to  regulate  the 
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temperature  was  established.  When  thermal  equilibrium  was  attained,  an  infrared  imaging 
system  was  used  to  make  a  photograph  of  the  thermal  contours  on  the  glass. 

To  supplement  the  thermal  imaging  heater  test,  a  scratch  test  of  the  heater  film  was 
performed.  In  this  test,  the  heater  is  powered  up  (350  volts  A.C.  for  #1  W/WS,  81  volts 
A.C.  for  #4  W/WS)  and  the  W/WS  is  viewed  using  polarized  light.  Although  the  vinyl  core 
ply  of  the  W/WS  is  birefringent,  scratches  in  the  heater  film  show  up  dramatically  as  black- 
gray  starbursts.  A  pass-fail  rating  on  the  scratch  test  is  given. 

4.3. 1.5  Optical  Performance 

The  optical  performance  of  each  W/WS  was  assessed  in  three  ways;  a  haze  and 
luminous  transmittance  test,  an  optical  deviation  measurement,  and  an  optical  distortion  test. 

Haze  and  luminous  transmittance  measurements  were  performed  in  accordance  with 
ASTM  D-1003-92,  "Standard  Test  Method  for  Haze  and  Luminous  Transmittance  of 
Transparent  Plastics."  The  luminous  transmittance  test  measures  how  transparent  a  body  is, 
and  is  the  ratio  of  the  light  transmitted  through  a  body  to  the  light  incident  upon  it.  The  haze 
test  measures  the  cloudy  appearance  of  an  otherwise  transparent  specimen  caused  by  light 
scattered  from  within  the  specimen  or  from  its  surfaces.  Haze  and  luminous  transmittance 
measurements  will  detect  whether  the  repair  processes  have  adversely  affected  the  clarity 
and/or  coloring  of  the  vinyl  and  whether  the  glass  surfaces  have  been  adequately  polished. 
The  haze  and  luminous  transmittance  measurements  were  made  using  a  Pacific  Scientific  XL- 
211  Hazegard  System  hazemeter  at  the  center  of  each  W/WS.  Per  Mil-G-25871B  (Military 
Specification;  Glass,  Monolithic,  Aircraft  Glazing)  Paragraph  3.7,  the  original  luminous 
transmittance  should  be  greater  than  72  percent  and  78.4  percent  for  #1  and  #4  W/WS, 
respectively.  The  original  haze  of  a  transparency  greater  than  0.62  inches  thick  should  be 
less  than  2.5  percent,  per  Mil-G-25871B  Paragraph  3.9. 

Optical  deviation  measures  the  flatness  of  a  transparency.  In  the  case  of  a  repaired 
W/WS,  grinding,  polishing,  and/or  uneven  pressing  to  remove  delaminations  may  cause  the 
front  and  back  surfaces  of  the  W/WS  to  deviate  from  a  parallel  condition,  causing  images  to 
be  deformed.  PPG's  "German  Light,"  measures  the  flatness  of  a  transparency  using  the 
distance  between  the  front  surface  reflection  of  a  normally  directed  beam  of  light  and  the 
light  reflected  from  the  back  surface  of  the  transparency  to  calculate  the  angular  deviation 
from  parallel.  Measurements  are  given  in  terms  of  minutes  of  angular  arc. 

Optical  deviation  was  measured  using  MIL-G-25871B  Paragraph  4. 4. 6. 2.1  as  a 
reference  at  8  locations  on  #1  W/WS  and  at  4  locations  on  #4  W/WS.  The  measurement 
locations  were  principally  around  the  edges  of  the  W/WS  where  deviation  is  expected  to  be 
most  severe  in  a  relaminated  W/WS.  Deviations  under  4.5  arc  minutes  are  considered 
acceptable  anywhere  2  inches  in  from  the  forward  edge,  top  and  inboard  edges  and  4  inches 
in  from  the  aft  edge  on  #1  W/WS.  Deviations  of  up  to  9  arc  minutes  are  acceptable  in  the 
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#1  W/WS  edges.  Deviation  for  the  #4  W/WS  is  much  less  stringent  than  for  #1  W/WS,  18 
arc  minutes  anywhere  2  inches  in  from  the  edges. 

Optical  distortion  was  assessed  using  MIL-G-25871B  Paragraph  4. 4. 6. 3  as  a  reference. 
The  distortion  was  determined  by  a  single-exposure  photograph  of  a  grid  viewed  through  the 
W/WS.  Photographs  were  made  with  the  W/WS  parallel  to  the  grid  board.  There  is  no 
reference  specification  for  distortion  for  these  W/WS.  A  distortion  of  greater  than  1  part  in 
40  is  essentially  no  distortion.  As  a  reference,  MIL-W-81752A  sets  a  distortion  limit  of  1:15 
for  Navy  fighter/attack  aircraft.  A  1  part  in  4  distortion  would  probably  be  considered 
unacceptable  for  the  #4  C/KC-135  W/WS. 

4.3.2  General  Inspection  Test  Results 

Tables  4.1  through  4.8  summarize  the  results  of  the  general  inspections.  In  a  number 
of  areas,  the  repaired  W/WS  are  the  equivalent  of  new  W/WS  -  dimensional  fit,  optical 
properties,  and  heater  operation.  There  are,  however,  some  troublesome  areas  -  seals, 
unremoved  delaminations,  some  insulation  integrity  faults,  and  a  few  out  of  specification 
heater  resistances  that  suggest  that  the  repaired  W/WS  are  not  quite  up  to  OEM  standards  for 
a  new  W/WS.  As  indicated,  most  of  the  general  inspection  tests  had  an  accept/reject 
criterion.  For  the  heater  tests  and  optical  distortion,  there  are  no  established  criteria. 

Figures  4.1  and  4.2  show  thermal  images  from  the  heater  tests.  Figures  4.3  and  4.4  show 
the  worst  optical  distortion  found  during  the  inspections.  Appendix  B  contains  the  data 
sheets  for  the  general  inspections. 

In  addition  to  the  general  inspection  data  summarized  in  the  tables  and  figures,  two 
interesting  items  worth  noting  came  to  light.  First,  there  was  one  commercial  fleet  W/WS  in 
the  program,  and  second,  the  new  #1  W/WS  were  surprisingly  old. 

One  of  the  #1  W/WS,  S/N  83-H-l  1-7-432,  has  a  commercial  part  number,  5-89354- 
3096,  instead  of  the  expected  military  part  number  5-89354-501  (pilot  side  #1). 

Superficially,  the  two  W/WS  look  identical  and  can  be  interchanged.  The  commercial  #1 
W/WS,  however,  unlike  the  military  #1  W/WS,  does  not  have  slip  planes  and  edge  heaters. 
Rather,  the  slip  planes  and  edge  heaters  of  the  military  #1  W/WS  have  been  replaced  by  a 
PPG-proprietary  urethane  ply.  From  the  discussion  in  Section  2.1  about  the  construction  of 
the  C/KC-135  W/WS,  the  slip  planes  are  areas  around  the  edge  of  the  W/WS  where  the  glass 
has  been  prevented  from  bonding  to  the  vinyl  so  that  the  edge  of  the  glass  does  not  become 
overstressed  during  thermal  expansion.  The  urethane  ply  in  the  commercial  W/WS 
accommodates  the  differential  thermal  expansion  with  a  fully  bonded  W/WS  strucmre.  The 
edge  heaters  keep  the  vinyl  "soft"  in  the  W/WS  comers.  According  to  PPG,  the  urethane 
layer  in  the  commercial  W/WS  reduces  the  tendency  for  delamination  and  edge  chipping,  and 
does  not  degrade  any  of  the  other  properties  of  the  W/WS.  PPG  feels  that  the  commercial 
W/WS  is  superior  to  the  military  counterpart. 

The  new  #1  W/WS  were  manufactured  in  1986.  This  suggests  that  either  the  W/WS 
inventory  at  Tinker  AFB  is  not  maintained  on  a  first-in  first-out  basis,  or  that  reorder 
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quantities  are  large  and  that  it  takes  a  long  time  to  deplete  the  stock.  In  any  event,  because 
of  the  potential  time  lag  between  manufacture  and  installation,  manufacture  date  is  not  a  good 
indicator  of  possible  service  life.  Some  of  the  new  #1  W/WS  were  made  several  years 
before  some  of  the  W/WS  that  were  repaired,  and  so  it  is  not  appropriate  to  assume  that 
W/WS  with  older  serial  numbers  have  seen  more  service.  Whether  or  not  this  is  common  to 
all  of  the  W/WS  in  the  inventory  is  not  known,  but  it  is  something  to  consider  if  a  service 
life  limitation  is  imposed  that  does  not  track  acmal  use. 

4.4  Pressure  Integrity 

4.4.1  Test  Procedures 

Pressure  integrity  was  evaluated  with  a  three-step  sequence.  The  first  step  was  a  proof 
pressure  test.  Samples  which  passed  the  proof  pressure  test  then  went  on  to  a  cyclic  pressure 
durability  test.  Finally,  samples  which  passed  the  cyclic  durability  test  were  proof  pressure 
tested  again. 

4.4.1. 1  Proof  Pressure  Test 

This  test  was  performed  as  an  initial  acceptance  and  final  test  on  all  pressure  integrity 
test  articles.  The  test  candidates  were  mounted  in  a  test  fixmre  and  pressurized  at  a  rate  not 
exceeding  0.84  psi  per  minute  to  1.33  times  the  C/KC-135  relief  valve  setting  of  9.42  psi 
(12.59  psig).  The  maximum  pressure  was  held  for  15  minutes  and  then  released  at  a  rate  not 
greater  than  0.84  psi  per  minute.  The  test  was  conducted  at  ambient  temperature.  At 
completion  of  the  test,  the  W/WS  was  inspected  for  delamination  and  electrical  resistance. 

The  data  requirements  for  the  proof  pressure  test  consisted  of  pressure-time  records 
and  the  post-test  delamination  inspection  and  electrical  resistance  measurements.  For  test 
articles  that  did  not  hold  pressure  due  to  breakage  or  cracking,  a  photograph  of  the  failed 
W/WS  was  required. 

The  criterion  for  failure  of  the  test  was  inability  to  hold  pressure  due  to  cracking  or 
breakage.  Delamination  or  failure  of  the  heater  to  operate  were  to  be  noted,  but  were  not 
sufficient  to  disqualify  the  specimen  from  further  testing. 

4.4. 1.2  Cyclic  Durability  Test 

This  test  was  performed  on  all  W/WS  that  passed  the  initial  proof  pressure  test.  The 
test  was  conducted  with  an  outward-acting  constant  amplitude  cyclic  pressure  varying  from 
0.00  to  9.42  psig,  applied  at  a  rate  not  greater  than  0.84  psi  per  minute.  The  inboard  side  of 
the  W/WS  was  to  be  held  at  room  temperature  (72°  F  +  10°  F)  and  the  outboard  side  was 
to  be  at  -65°  F  ±  10°  F  with  the  heater  energized.  The  cyclic  pressure  was  to  be  applied 
until  failure  was  observed  or  run  out,  with  run  out  calculated  to  simulate  a  10  year  life  for  a 
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C/KC-135  (520  cycles).  Test  article  inspections  were  to  be  performed  at  5  years  of 
simulated  service  and  at  the  conclusion  of  the  test. 

The  data  requirements  for  the  cyclic  durability  test  consisted  of  pressure,  inboard  side 
air  temperature,  outboard  side  air  temperature,  and  bus-to-bus  resistance,  all  as  a  function  of 
time.  Marking  of  delaminations  on  the  surface  of  the  outer  ply  and  then  photographing  the 
W/WS  served  to  document  any  visual  damage  to  the  W/WS.  Mode  of  failure  and  a 
photograph  of  the  failed  test  article  were  to  be  used  to  document  specimens  that  did  not 
survive  this  test. 

The  criterion  for  failure  in  the  cyclic  durability  test  was  inability  to  hold  pressure  due 
to  cracking  or  breakage.  Failure  of  the  heater  was  to  be  noted,  but  was  not  sufficient  cause 
to  stop  the  pressure  cycling. 

4.4.2  Test  Facility 

The  test  facility  for  conducting  the  pressure  integrity  testing  utilized  PPG’s 
Environmental  Qualification  Test  Facility.  This  facility  has  three  walk-in  environmentally 
controlled  chambers  that  can  be  used  to  expose  transparencies  to  temperamres  as  low  as 
-100°  F  and  as  high  as  -f-185°  F.  Pressure  chambers  with  mounting  flanges  for 
transparencies  fit  into  the  wall  of  the  environmental  chambers  to  permit  simultaneous 
pressure  and  ternperamre  control,  per  Figure  4.5.  Internal  heating  and  cooling  capacity,  as 
well  as  small  fans  inside  the  pressure  chambers  ensure  that  the  transparency  inboard  side 
conditions  can  be  maintained,  independent  of  the  outboard  side  conditions.  The  facility  is 
controlled  by  16-bit  Macsym  350  process  control  computers  that  manage  the  temperature  and 
pressure  in  real  time,  and  perform  data  acquisition. 

Each  W/WS  was  instrumented  with  4  thermocouples,  two  inboard  and  two  outboard, 
one  directly  on  the  glass  surface  and  one  1-inch  off  the  surface.  A  strain-gage-based 
pressure  transducer  was  used  to  measure  the  pressure  chamber  pressure. 

The  #1  W/WS  heaters  were  powered  by  a  400  Hertz  0-500  volt  A.C.  motor-generator 
set  adjusted  to  generate  an  output  voltage  consistent  with  the  W/WS  bus-to-bus  resistance. 

On  the  #1  W/WS,  the  integral  sensor  was  used  to  control  the  temperature.  The  W/WS 
were  powered  by  70  volts  A.C.  60  Hertz  power  derived  from  120  volt  A.C.  building  power. 
This  voltage  is  consistent  with  T.O.  lC-135(K)A-2-2  Paragraph  8-9.  The  ternperamre  of  the 
#4  W/WS  was  controlled  using  a  thermocouple-based  ternperamre  controller  set  to  have  the 
same  operating  characteristics  as  the  thermal  snap  switch  that  is  found  on  C/KC-135 's  per 
T.O.  lC-135(K)A-2-2  Paragraph  8-10:  control  point  about  100°  F,  switch  closure  at  90° 

+  10°  F,  switch  opening  at  110°  ±  10°  F. 

The  pressure  integrity  test  W/WS  were  mounted  in  simulated  frames  per  the  drawings 
shown  in  Figures  4.6  and  4.7.  The  rationale  for  using  simulated  frames  was;  1)  less 
expensive  than  using  an  acmal  fuselage  section,  and  2)  a  simulated  frame  could  be  made 
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much  stiffer  than  the  sheet  metal  fuselage  section  and  thus  would  maximize  potentially 
damaging  deformation  in  the  W/WS. 

The  #1  W/WS  were  bolted  to  the  frame  shown  in  Figure  4.6  using  hardware  equivalent 
to  that  used  in  the  actual  aircraft  W/WS  installation  kit,  per  Figure  4.8a.  Unlike  the  actual 
aircraft  installation,  Grade  8  socket  head  cap  screws  and  nuts  were  used.  Aluminum  washers 
similar  to  the  ones  in  the  installation  kit  were  used.  No  curtain  clips  or  wire  clamps  were 
installed.  Bolt  torques  and  tightening  sequences  followed  T.O.  lC-135(K)A-2-2  Paragraph 
8-55.  One  #1  W/WS  was  tested  at  a  time.  Figure  4.9  shows  a  #1  W/WS  in  the  pressure 
test  facility. 

The  #4  W/WS  were  installed  using  16-gauge  sheet  metal  retainers  and  silicone  rubber 
gasket  strips  fabricated  to  simulate  those  used  in  the  aircraft.  Figure  4.8b.  Grade  8  socket 
head  caps  screws  and  nuts  were  used  instead  of  actual  aircraft  bolts  and  nuts,  with  no  curtain 
clips  or  wire  clamps.  Bolt  torques  and  tightening  sequences  followed  the  prescriptions  in 
T.O.  lC-135(K)A-2-2  Paragraph  8-61.  Two  #4  W/WS  were  pressure  tested  at  a  time,  as 
shown  in  Figure  4.10. 

4.4.3  Test  Results 

The  results  of  the  pressure  integrity  testing  are  presented  in  Tables  4.9  and  4.10. 

None  of  the  W/WS,  repaired,  not  repaired,  or  new,  exhibited  any  catastrophic  failures.  Two 
of  the  repaired  W/WS  did  experience  delaminations,  while  no  evidence  of  delamination  was 
detected  in  the  new  W/WS.  Figure  4.11  shows  the  worst  delamination  observed  in  a  #1 
W/WS.  Figure  4.12  shows  the  worst  delamination  observed  in  a  #4  W/WS.  In  these 
figures,  the  edge  of  the  delamination  has  been  outlined  with  a  black  marker.  The 
delamination  in  the  #1  W/WS  would  not  interfere  with  pilot  vision,  and  may  not  even  be 
noticed.  The  delamination  in  the  #4  W/WS,  would,  most  likely,  be  noticed  and  reported  by 
a  pilot. 

A  curious  "healing"  phenomenon  was  noted  in  some  of  the  W/WS.  Immediately  after 
the  pressure  cycling,  the  W/WS  were  examined  for  delamination  and  a  marker  was  used  to 
outline  its  edge.  Some  time  later,  after  the  W/WS  had  returned  to  room  temperature,  the 
extent  of  the  delamination  was  observed  to  have  reduced.  Residual  stresses  in  the  W/WS 
cause  the  delaminations  to  close  up.  Discussing  this  point  with  the  PPG  staff  confirmed  that 
the  "healing"  phenomenon  is  not  unique  to  our  tests.  PPG  indicated  that  they  occasionally 
get  W/WS  back  on  warranty  that  do  not  appear  to  be  damaged  in  any  way.  Applying  some 
thermal  and  pressure  cycles  to  the  W/WS  is  generally  sufficient  to  open  the  delaminations. 
Although  the  consequences  of  this  phenomenon  for  this  program  are  nil,  it  does  suggest  that 
a  pilot  or  copilot  could  report  diminished  vision  in  a  W/WS  that  may  not  be  detectable  by  the 
ground  crew. 
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4.5  Residual  Strength  Assessment 

4.5.1  Test  Procedures 

The  residual  strength  of  a  selected  subset  of  the  W/WS  that  passed  the  pressure 
integrity  tests  was  assessed  with  a  falling  ball  impact  test.  In  this  test,  a  spherical  steel  ball 
was  dropped  onto  the  W/WS  using  Mil-G-25871B  Paragraph  4.4.3  as  a  reference,  see  Figure 
4.13.  Unlike  Mil-G-25871B  where  the  purpose  is  to  make  certain  that  no  separation  or 
delamination  of  glass  from  the  vinyl  occurs,  the  purpose  of  this  test  was  to  see  if  repaired 
W/WS  that  have  been  pressure  cycled  have  a  reduced  capacity  for  moderate  impacts. 

The  procedure  for  conducting  the  falling  ball  impact  tests  was  to  establish  a  suitable 
ball  weight  and  drop  height  to  cause  significant  outboard  ply  damage  without  breaking  the 
core  ply  of  a  new  W/WS  that  had  passed  the  pressure  integrity  tests,  and  then  test  a  few  of 
the  remaining  W/WS  under  these  conditions. 

In  the  case  of  the  #1  W/WS,  a  2-pound  ball  dropped  from  a  height  of  15  feet  broke  the 
outer  glass  ply  and  crushed  the  glass  in  the  impact  area  with  a  web  of  cracks  emanating  from 
the  impact  site.  Because  of  the  size  of  the  #1  W/WS,  two  ball  drops  could  be  performed,  in 
some  cases.  For  the  #4  W/WS,  a  1-pound  ball  dropped  from  15  feet  did  similar  damage.  A 
single  drop  was  done  on  #4  W/WS. 

4.5.2  Test  Facility 

The  test  facility  for  conducting  the  ball  drop  consisted  of  a  drop  tower  with  ball  guide 
mbe  and  electromagnetic  ball  release  mechanism,  and  a  support  frame  for  the  W/WS. 

Because  the  PPG  ball  drop  facility  was  designed  only  to  accommodate  small  test  panels  and 
not  full  W/WS,  boundary  conditions  at  the  W/WS  edges  could  not  be  freely  prescribed  and  a 
center  drop  on  the  #1  W/WS  could  not  be  done.  Rather,  the  W/WS  were  supported  by  a 
square  frame  with  a  1-foot  by  1-foot  opening  on  the  face  of  the  bottom  (inboard)  glass  ply. 
Due  to  a  space  restriction,  approximately  half  of  the  #1  W/WS  extended  beyond  the  support 
frame,  but  was  supported  at  the  same  height  as  the  impact  target  area.  Because  all  W/WS 
were  treated  consistently,  the  somewhat  imprecise  nature  of  the  boundary  is  not  as  issue. 

4.5.3  Test  Results 

Tables  4.11  and  4.12  detail  the  results  of  the  falling  ball  residual  strength  impact 
testing,  while  Figures  4.14  through  4.19  show  the  test  set-ups  and  selected  consequences  of 
the  impacts.  The  results  of  the  ball  drop  are  not  conclusive  because  only  a  single  new 
W/WS  was  tested  of  each  type.  The  worst  damage  occurred  in  repaired  W/WS  with 
delamination,  so  there  appears  to  be  a  suggestion  that  the  ball  drops  do  more  damage  to  the 
repaired  W/WS  than  the  new  W/WS. 
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4.6  Bird  Impact  Testing 

4.6.1  Test  Procedures 

The  bird  impact  testing  was  conducted  using  ASTM  F330-89,  "Bird  Impact  Testing  of 
Aerospace  Transparent  Enclosures"  as  a  model.  The  W/WS  were  mounted  in  a  simulated 
frame  placed  at  the  correct  inclination  and  sweepback  angles  for  level  flight  and  impacted 
with  a  real  4-pound  bird  in  the  center  at  250  knots.  Testing  was  done  at  room  temperature, 
performing  a  single  shot  on  each  W/WS.  A  spall  sheet  was  placed  behind  the  W/WS. 

The  simulated  frames  used  in  the  bird  impact  tests  were  similar  to  the  ones  used  in  the 
pressure  integrity  tests,  Figures  4.20  and  4.21.  The  rationale  for  using  simulated  frames  was 
the  same  as  in  the  case  of  the  pressure  integrity  tests.  Mounting  hardware  and  installation 
procedures  were  consistent  with  the  applicable  C/KC-135  Tech  Order,  T.O.  lC-135(K)A-2- 
2.  Figure  4.22  shows  the  bolts,  0-rings,  washers,  and  nuts  used  to  secure  a  #1  W/WS  in  the 
test  frame. 

The  #1  W/WS  were  inclined  45  degrees  with  a  sweepback  angle  of  30  degrees,  while 
the  #4  W/WS  were  inclined  58.12  degrees  with  a  sweepback  angle  of  35.3  degrees,  per 
information  obtained  from  Boeing  and  verified  by  measurement  on  a  C/KC-135  by  OC-ALC. 
The  reference  for  the  inclination  angle  is  a  vertical  line.  The  reference  for  the  sweepback 
angle  is  a  horizontal  line  normal  to  the  centerline  of  the  aircraft.  The  #1  W/WS  as  installed 
presents  a  fairly  large  target  for  the  bird  package.  Because  of  the  size  and  oblique  installed 
angle,  the  bird  package  nearly  fills  the  #4  W/WS. 

The  data  requirements  for  the  bird  impacts  tests  consisted  of  a  pre-test  photograph, 
bird  weight,  high  speed  film  of  the  impact,  impact  velocity,  a  post-test  photograph,  a  record 
of  the  disposition  of  the  spall  sheet,  and  written  comments  from  a  post-test  examination  of 
the  W/WS. 

4.6.2  Test  Facility 

PPG’s  bird  impact  test  facility  is  one  of  the  most  advanced  in  the  world,  capable  of 
shooting  one  to  eight  pound  birds  at  impact  velocities  from  29  to  751  knots,  depending  on 
the  bird  weight.  The  pneumatic  cannon  has  a  40-foot  long  barrel  with  a  nominal  10-inch 
diameter.  A  pressurized  reservoir  provides  compressed  air  to  propel  a  metal  can,  called  a 
sabot,  containing  the  bird  to  the  target.  When  the  sabot  reaches  the  end  of  the  barrel  after 
firing,  it  is  collected  by  a  stripper  and  spring  system  that  absorbs  the  sabot's  kinetic  energy. 
As  the  bird  continues  to  the  target,  approximately  10  feet  away,  it  passes  through  a  timing 
trap  system  to  measure  its  velocity.  Figure  4.23  shows  a  schematic  of  the  important 
elements  of  the  bird  caimon. 

The  velocity  of  the  bird  at  impact  is  a  calibrated  function  of  the  air  pressure  pushing 
the  sabot  down  the  barrel.  A  dual  rupture  diaphragm  system  fires  the  gun.  Assuming  that 
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Diaphragms  1  and  2  in  Figure  4.23  are  rated  to  burst  at  psi  and  that  test  pressure,  P^,  is 
greater  than  Pj,  but  less  than  2P,,,  putting  %Pj  in  the  Step  Chamber  keeps  both  diaphragms 
from  bursting.  Opening  the  Solenoid  Exhaust  Valve  vents  the  Step  Chamber  to  atmosphere 
and  causes  Diaphragms  1  and  2  to  burst  almost  simultaneously  applying  test  pressure  in  the 
reservoir  to  the  sabot. 

A  massive  frame  support  system,  adjustable  for  inclination  angles  from  25  to  85 
degrees  was  use  to  hold  the  simulated  W/WS  frame.  Figure  4.24  shows  the  support  frame 
with  a  #1  W/WS  mounted.  Figures  4.25  and  4.26  show  views  of  W/WS  mounted  and  ready 
for  testing.  To  ensure  that  the  test  article  is  in  its  proper  position,  the  impact  point  is 
identified  with  a  helium/neon  laser  centered  in  the  end  of  the  barrel.  Installation  angles  were 
measured  with  a  precision  clinometer. 

High  speed  photographic  records  of  the  impacts  were  made  with  up  to  three  16- 
millimeter  cameras  operating  at  up  to  11,000  frames  per  second.  The  cameras  and  lighting 
system  are  tied  into  the  cannon  firing  system  so  that  when  the  fire  button  is  depressed,  the 
lighting  is  switched  on,  the  cameras  come  up  to  speed,  and  an  internal  camera  speed  signal 
fires  the  gun.  Typically,  two  cameras  recorded  the  impact  from  the  front,  while  the  third 
camera  recorded  the  impact  from  the  rear. 

Bird  speed  is  measured  in  three  axes  and  averaged  to  compensate  for  minor  deviations 
in  the  bird  package's  flight  pattern  prior  to  impact.  Basically,  the  time  for  the  bird  package 
to  traverse  a  fixed  distance  is  measured  and  converted  to  velocity.  Because  the  timing 
system  requires  more  than  50-percent  of  the  timing  system  lights  to  be  obscured,  false  time 
readings  and  consequent  incorrect  speed  indications  triggered  by  small  particles  or  moisture 
clouds  that  precede  the  bird  package  are  eliminated.  Figure  4.27  shows  the  velocity  timing 
trap  and  front  camera  positioning. 

A  spall  sheet  was  placed  at  the  pilot's  head  position  to  determine  if  any  glass  fragments 
or  bird  residue  comes  through  the  W/WS  in  the  event  of  a  failure.  In  Figure  4.25,  the  spall 
sheet  can  be  seen  behind  the  W/WS  as  a  black  rectangular  sheet  slightly  left  of  center. 

Figure  4.28  shows  the  spall  sheet  from  behind  a  #1  W/WS. 

4.6.3  Test  Results 

A  summary  of  the  bird  impact  test  results  is  presented  in  Tables  4.13  and  4.14.  A 
gradation  in  impact  damage  for  #1  W/WS  is  shown  in  Figures  4.29  to  Figure  4.34,  ranging 
from  no  damage  to  all  glass  plies  failed.  A  similar  gradation  of  bird  impact  results  for  #4 
W/WS  is  shown  in  Figures  4.35  to  4.40.  Other  W/WS  with  similar  damage  look  about  the 
same  as  these  figures.  The  bird  impact  data  sheets  are  attached  as  Appendix  C. 

Concerning  the  test  comments  about  bird  residue  on  the  spall  sheet,  it  must  be  noted 
that  the  simulated  frame  had  no  aerosmoother  sealant  between  the  frame  and  the 
transparency.  Furthermore,  there  was  no  cosmetic  trim  pieces  on  the  inside  of  the  W/WS. 
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Either  one  or  both  of  these  would  probably  have  prevented  bird  residue  from  squeezing 
between  the  WA¥S  and  the  frame.  Ply  breakage  would  not  be  affected  by  the  presence  of 
aerosmoother  or  trim  pieces. 

4.7  Performance  Testing  Summary 

The  performance  testing  data  have  been  summarized  in  Tables  4.15  to  4.18.  From 
these  summaries,  the  obvious  conclusion  is  that  used  W/WS  do  not  perform  as  well  as  new 
W/WS.  Although  trends  are  difficult  to  identify  in  the  data  because  there  always  seem  to  be 
exceptions  and  because  the  data  base  is  so  small,  the  performance  of  W/WS  that  have  been 
in  service,  whether  repaired  or  not,  is  below  that  of  new  W/WS. 

In  a  number  of  categories,  the  repaired  W/WS  were  the  equal  of  new  W/WS: 
dimensional  fit,  optical  properties,  and  heater  performance.  In  other  cases,  they  were  not: 
residual  delamination,  seals  and  bumpers,  delamination  during  pressure  cycling,  more 
damage  in  the  ball  drop  test,  and  poorer  performance  in  the  bird  impact  testing.  Some  of  the 
issues  such  as  seal  and  bumper  problems  and  residual  delamination  can  easily  be  rectified. 
The  delamination  during  pressure  cycling  is  merely  annoying  because  it  is  an  impaired  vision 
issue  that  would  develop  over  time  and  is  not  a  serious  structural  failure. 

The  bird  impact  test  results  are  conclusive.  The  new  W/WS  performed  significantly 
better  than  the  repaired  and  not  repaired  W/WS.  At  worst,  the  outboard  ply  of  a  new  W/WS 
was  broken.  For  the  repaired  #1  W/WS,  fully  half  of  the  samples  had  all  three  plies  fail, 
although  none  had  bird  penetrations.  For  the  repaired  #4  W/WS,  only  an  outboard  ply  was 
broken.  The  unrepaired  #4  W/WS  performed  the  worst  in  the  bird  impact  tests,  with  one 
whole  W/WS  punching  out  of  the  frame.  This  W/WS  was  rejected  for  repair,  but  it  appears 
that  it  was  for  an  out-of-specification  heater  and  not  for  any  unrepairable  structural 
deficiency.  Similarly,  the  other  two  unrepaired  #4  W/WS  that  were  damaged  were  also 
rejected  for  out-of-specification  heaters.  The  fact  that  repaired  W/WS  performed  somewhat 
better  than  unrepaired  W/WS  seems  to  indicate  that  the  repairs  themselves  do  not  degrade  the 
W/WS. 

Some  of  the  repaired  #1  W/WS  had  a  reduced  thickness  in  the  edge  attachment  area. 
The  reduced  mounting  edge  thickness  was  noticed  when  bolts  that  had  previously  worked 
satisfactorily  for  mounting  new  W/WS  in  the  frames  for  bird  impact  tests  appeared  to  be  too 
long.  Basically,  the  bolts  would  bottom-out  on  the  aluminum  spacers  in  the  phenolic 
mounting  block  before  the  W/WS  was  tight  to  the  frame  (see  Figure  2.4).  The  reduction  in 
frame  thickness  could  have  been  caused  by  extrusion  of  the  vinyl  inner  layer  during  the 
relamination  repair  process,  it  could  have  occurred  as  a  result  of  creep  during  service,  or  it 
could  be  an  artifact  of  the  original  manufacturing  processes.  Table  4.19  summarizes  edge 
measurements  that  were  made  on  the  #\  bird  impact  W/WS  and  a  set  of  unrepaired  W/WS 
that  were  not  part  of  the  rest  of  this  program.  Reduced  mounting  edge  thickness  appears  to 
correlate  with  more  severe  impact  damage,  but  does  not  correlate  with  age  or  whether  or  not 
the  W/WS  has  been  repaired. 
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5.0  COST  ANALYSIS 


The  second  element  in  the  evaluation  of  the  feasibility  of  using  repaired  W/WS  in  Air 
Force  fleet  aircraft  was  a  cost  analysis.  The  commercial  fleet  has  a  very  favorable  cost 
benefit  using  repaired  WAVS.  If  using  W/WS  is  to  be  a  viable  option  for  the  Air  Force,  the 
costs  for  making  the  repairs  has  to  be  justifiably  less  than  the  cost  of  a  new  W/WS. 

5.1  Repair  Costs 

During  initial  contacts  with  NORDAM,  Perkins,  and  The  Glass  Doctor  and  prior  to 
contracting  for  any  repairs,  an  estimate  was  solicited  for  repairing  small  numbers  of  each  of 
the  five  C/KC-135  W/WS  types.  NORDAM  prices  their  repairs  on  the  basis  of  how  much 
work  is  required  to  do  the  repair,  i.e.,  a  W/WS  that  only  needs  polishing  costs  less  than  a 
W/WS  that  needs  polishing  and  relaminating,  and  thus  they  could  only  give  rough  estimates. 
Perkins  has  a  fixed  price  for  repairing  a  given  type  of  W/WS,  regardless  of  the  number  of 
steps  required  to  repair  the  W/WS,  and  offers  up  to  a  30-percent  discount  for  large  volume 
customers.  The  Glass  Doctor  offered  a  fixed  cost  per  W/WS  type.  All  of  the  repair  vendors 
perform  incoming  inspections  and  reject  unserviceable  W/WS,  charging  only  for  those  that 
they  successfiilly  repair.  Table  5.1  summarizes  the  initial  repair  quotations  from  the  three 
vendors. 

The  actual  costs  for  making  the  prototype  repairs  on  the  #1  and  H  W/WS  that  were 
performance  tested  are  listed  in  Tables  5.2  and  5.3.  Actual  costs  were  consistent  with  the 
initial  repair  estimates.  For  reference.  Table  5.4  summarizes  the  quoted  repair  cost  for  all 
75  of  the  C/KC-135  repair  candidate  W/WS  that  were  procured  for  this  program.  The  latter 
table  reflects  the  incoming  W/WS  inspections  performed  by  NORDAM  and  Perkins. 

5.2  Costs  of  New  W/WS 

OC-ALC  provided  costs  for  new  C/KC-135  W/WS.  The  data  in  Table  5.5  is  the  Air 
Force  purchase  price  as  of  January  1994. 

5.3  Cost  Comparison 

The  average  cost  for  making  the  prototype  repairs  on  the  C/KC-135  #1  W/WS  was 
$1,943,  while  the  average  cost  of  making  the  prototype  repairs  on  the  #4  W/WS  was  $899. 
Comparing  these  numbers  to  the  current  purchase  price,  the  repairs  cost  75-percent  of  the 
purchase  price  of  a  new  #1  and  65-percent  of  the  purchase  price  of  a  new  #4. 

Taking  the  extremes  of  the  initial  repair  estimates,  actual  repair  costs,  or  cost  quotes 
from  NORDAM  and  Perkins,  and  assuming  a  large  enough  volume  so  that  Perkins  would 
offer  a  20-percent  volume  discount,  the  best-case,  actual,  and  worst-case  cost  scenarios  for 
repaired  C/KC-135  W/WS  are  as  shown  in  Table  5.6.  Had  The  Glass  Doctor  participated  in 
the  program  and  repaired  W/WS  at  the  prices  in  their  estimate,  the  low  values  in  Table  5.6 
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would  have  gone  to  51-percent  for  #1  W/WS,  62-percent  for  #2  W/WS,  and  34-percent  for 
#3  W/WS. 


6.0  CONCLUSIONS,  RECOMMENDATIONS,  AND  DISCUSSION 
6.1  Conclusions 

The  Air  Force,  in  an  effort  to  reduce  fleet  maintenance  costs,  is  considering  the 
possibility  of  using  repaired  W/WS.  Prior  to  adopting  such  an  operating  policy,  however, 
the  Air  Force  ^cided  that  a  systematic  evaluation  was  required  to  ensure  that  repaired 
W/WS  are  safejand  that  they  provide  a  reasonable  cost  savings  benefit.  Based  on  the 
reported  cost  savings  and  favorable  experience  that  the  commercial  fleet  has  had  with 
repaired  W/WS,  the  use  of  repaired  W/WS  seems  very  attractive. 

The  approach  followed  for  evaluating  whether  the  use  of  repaired  W/WS  is  a  viable 
option  for  the  Air  Force  was  to  procure  some  used  W/WS,  make  repairs  on  them,  and  then 
subject  the  repaired  W/WS  to  a  series  of  tests  to  determine  the  difference  in  performance 
when  compared  with  new  W/WS.  The  cost  to  make  the  repairs  provides  the  data  for  the  cost 
benefit  analysis.  The  test  results  provide  the  data  for  an  evaluation  of  fitness  for  purpose  of 
the  repaired  W/WS. 

The  test  results  indicate  that  repaired  W/WS  are  not  equal  to  new  W/WS.  Many  of  the 
repaired  W/WS  still  contain  defects  titiat  would  not  pass  an  OEM  quality  assurance 
inspection.  None  of  the  W/WS,  new,  repaired,  or  not  repaired,  exhibited  any  dramatic 
differences  in  pressure  integrity.  Some  delamination  occurred  in  two  of  the  repaired  W/WS 
during  pressure  cycling,  but  it  was  not  severe.  The  residual  strength  of  the  pressure  cycled 
W/WS  tends  to  suggest  that  the  repaired  W/WS  are  not  quite  as  good  as  new  W/WS.  The 
bird  impact  test  results  are  quite  clear  -  the  new  W/WS  outperform  either  repaired  or 
unrepaired  W/WS. 

Having  established  that  repaired  W/WS  are  not  equal  to  new  W/WS,  the  question  that 
remains  to  be  answered  is  whether  or  not  repaired  W/WS  are  "good  enough."  The 
replacement  criteria  in  the  C/KC-135  W/WS  Technical  Order,  T.O.  lC-135(K)A-2-2,  are 
founded  on  two  major  principles: 

1)  A  W/WS  that  has  any  condition  that  impairs  visibility  must  be  replaced 

2)  The  W/WS  heater  must  function  properly. 

A  number  of  specific  inspection  items,  subordinate  to  these  principles,  provide  additional 
criterion  for  W/WS  replacement.  According  to  the  prevailing  Tech  Order  inspection  criteria, 
none  of  the  repaired  W/WS  would  have  been  removed  for  cause  from  service.  The  fact  that 
they  were  removed  and  were  subsequently  restored  to  a  condition  better  than  the  W/WS 
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replacement  criterion  suggests  that  they  were  in  fact  "good  enough. "  The  repair  vendors  do 
not  claim  that  they  can  restore  a  W/WS  to  a  brand  new  condition.  Rather,  they  indicate  that 
the  repairs  they  perform  return  the  W/WS  to  a  fully  acceptable  and  functional  condition. 
Under  this  philosophy,  the  repaired  W/WS  do  appear  to  be  "good  enough. " 

In  terms  of  performance,  the  most  demanding  test  is  the  bird  impact.  Using  the 
criteria  set  forth  in  MIL-W-81752A  (Windshield  Systems,  Fixed  Wing  Aircraft  General 
Specifications  For),  Paragraph  3.7.2  specifies  that  the  W/WS  should  be  able  to  sustain  a  4- 
pound  bird  impact  at  maximum  achievable  operational  true  airspeed  in  level  flight  at  up  to 
5000  feet  altitude  without  any  spall.  This  is  substantially  the  same  requirement  for 
commercial  fleet  W/WS  set  forth  in  "Part  25  -  Airworthiness  Standards:  Transport  Category 
Airplanes"  of  the  U.S.  Federal  Aviation  Regulations,  Paragraph  25.775.  The  velocity 
prescription  dictated  by  MIL-W-81752A  and  FAA  25.775  is  operationally  restricted, 
however,  by  Part  91,  Paragraph  91.117  of  the  FAA  Federal  Aviation  Regulations  which 
states  that  250  knots  is  the  maximum  allowable  aircraft  speed  below  10,000  feet  above  mean 
sea  level  without  special  authorization.  Assuming  that  the  250  knot  impact  v^city  is  the 
proper  performance  criterion,  all  of  the  new  and  repaired  #1  and  #4  W/WS'Wet  the  no  bird 
penetration  requirement,  while  two  of  the  repaired  #1  W/WS  technically  f^iPmp^no  spall 
criterion.  From  a  practical  viewpoint,  the  spall  was  very  modest,  so  the  repaired  W/WS 
appear  to  be  "good  enough." 

The  lone  W/WS  that  experienced  a  catastrophic  bird  impact  failure  (#4  W/WS,  S/N  7- 
H-2-4-35)  was  not  repaired.  Reviewing  the  repair  vendor's  report  on  the  W/WS,  it  was 
rejected  for  repair  due  to  a  heater  that  was  out  of  specification  and  not  for  any  gross 
structural  deficiency,  such  a  vinyl  cracking  or  delamination.  The  only  other  vendor-reported 
damage  was  scratches.  The  Air  Force  HOWMAL  (how  malfunctioned)  comments  on  the 
removal  tag  indicated  that  it  had  a  burnt  discoloration  in  the  comer  at  the  edge  of  the  heater. 
The  fact  that  the  heater  was  defective  suggests  that  the  W/WS  may  have  been  subjected  to  in- 
service  pressure  cycles  with  the  vinyl  unheated.  This  would  have  been  hard  on  the  glass- 
vinyl  interface,  because  the  vinyl  would  have  been  relatively  brittle,  predisposing  the  W/WS 
to  fail  in  the  bird  impact  test.  On  the  other  hand,  if  the  heater  had  been  satisfactory,  the 
W/WS  probably  would  have  been  polished  and  considered  repaired.  Because  the  vinyl  itself 
failed,  it  is  unlikely  that  polishing  would  have  changed  the  outcome  of  the  test. 

The  bird  impacts  done  for  this  program  represent  the  first  ever  C/KC-135  W/WS  bird 
impact  tests.  In  addition  to  demonstrating  that  repaired  W/WS  are  probably  "good  enough," 
the  work  in  this  program  has  confirmed  that  the  basic  C/KC-135  W/WS  design  is  adequate. 

The  new  #\  W/WS  used  in  this  program  were  manufactured  in  1986.  The  fact  that 
they  performed  well  in  all  of  the  tests,  in  spite  of  sitting  in  warehouse  storage  for  7  years, 
indicates  that  these  W/WS  do  not  degrade  in  storage.  This  is  quite  important  when 
considered  in  the  context  of  a  possible  blanket  10-year  replacement  policy,  because  the  only 
method  available  now  to  track  the  10  years  is  by  manufacture  date.  To  implement  a 
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meaningful  10-year  W/WS  replacement  cycle  policy,  it  would  be  necessary  to  track 
individual  W/WS  service  history. 


The  cost  analysis  indicates  that  savings  may  be  realized.  For  this  program,  the  cost  of 
making  the  repairs  was  75-percent  of  the  new  W/WS  purchase  price  for  #1  W/WS  and  65- 
percent  for  the  H  W/WS.  Considering  all  five  of  the  C/KC-135  W/WS  types  and  the  full 
range  of  estimates,  quotes,  and  actual  costs,  repairing  a  W/WS  might  cost  as  little  as  41- 
percent  of  a  new  W/WS,  but  it  could  also  cost  as  much  as'^2-percen^ 

The  costs  quoted  are  only  the  direct  repair  costs.  To  this  must  be  added  the  direct  cost 
of  transportation  and  the  indirect  costs  of  procuring  the  service  (contracting  -  more  vendors 
will  be  involved),  administrating"ll5^^^H5ts  payable,  records  management,  QA  inspection  of 
the  vendors,  etc.)  and  operating  BTstorage,  shipping  and  handling,  outgoing/incoming 
inspection,  etc.).  These  items  will  certainly  make  the  economics  less  favorable  and  to  ignore 
them  would  be  a  false  economy.  On  the  positive  side  of  the  economic  issue,  the  repair 
vendors  do  not  directly  charge  for  W/WS  inspections  or  for  any  repair  work  that  does  not 
result  in  a  shippable  W/WS.  The  cost,  both  economic  and  environmental,  of  disposal  of  all 
of  the  W/WS  that  are  currently  removed  and  sent  to  a  landfill  cannot  be  ignored.  Repaired 
W/WS  would  certainly  have  an  advantage  here. 


A  final  consideration  of  an  economic  nature  that  must  be  factored  into  the  decision  to 
use  repaired  W/WS  is  new  W/WS  availability.  There  may  be  a  persuasive  economic  reason 
to  use  repaired  W/WS  if  new  W/WS  are  in  short  supply.  The  repair  vendors  could  probably 
be  queued  up  to  make  repairs,  basically  on  demand,  and  could  provide  a  "just  in  time" 
service.  As  opposed  to  having  aircraft  out  of  service  because  new  W/WS  were  not  available, 
repaired  W/WS  could  be  used. 


6.2  Recommendations 


Recommendations  that  can  be  made  as  a  result  of  the  work  performed  on  this  program 
are  contingent  upon  the  Air  Force  making  a  decision,  based  on  the  available  data,  that  the 
performance  of  repaired  W/WS  is  acceptable. 

If,  in  the  opinion  of  the  Air  Force,  the  performance  of  repaired  W/WS  is  deemed  "good 
enough:" 

1)  NORDAM  Transparency  Division,  and  Perkins  Aircraft  Services,  Inc.  are 
recommended  as  vendors.  No  recommendation  can  be  made  regarding  The 
Glass  Doctor,  because  they  supplied  no  test  articles  for  this  program. 
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2)  Based  on  the  results  of  this  study,  the  repair  processes  that  can  be  recommended 
are: 

a)  Relaminating  using  autoclave  processes  involving  application  of  heat  and 
pressure 

b)  Grinding  and  polishing  of  the  external  surfaces  of  the  glass 

c)  Seal/bumper  maintenance 

d)  Minor  clean-up  of  electrical  terminals 

3)  Repair  processes  that  cannot  be  recommended  at  this  time  by  virtue  of  not  having 
been  used  in  this  program  are: 

a)  Complete  replacement  of  a  glass  ply 

b)  Delamination  or  crack  repair  involving  injection  of  adhesives  or  filling 
with  transparent  polymerizable  resins 

c)  Sensor  replacement 

d)  Busbar/heater  wire  repair/replacement 

4)  A  formal  Air  Force  quality  assurance  (Q/A)  program  should  be  instituted  to  set 
forth  requirements  for  the  repair  vendors.  This  will  eliminate  the  annoying,  but 
easily  corrected,  problems  with  wrong  seals/bumpers  on  repaired  W/WS.  In 
addition,  this  Q/A  program  should  also  be  charged  with  performing  an  incoming 
inspection  of  W/WS  coming  back  from  the  repair  vendors. 

5)  A  policy  that  prevents  a  W/WS  from  undergoing  more  than  one  repair  cycle 
should  be  instituted.  The  contractual  requirements  for  the  repair  vendors  should 
stipulate  that  all  repaired  W/WS  must  be  marked  to  identify  that  they  have  been 
repaired  and  by  whom.  No  data  have  been  collected  to  support  the  use  of  re¬ 
repaired  W/WS. 

6)  The  Air  Force  should  use  the  cost  data  in  this  report  as  the  starting  point  for  a 
complete  cost/benefit  analysis  to  satisfy  themselves  that  there  is  an  economic 
advantage  to  using  repaired  W/WS.  Full  costs,  including  all  direct  and  indirect 
cost  for  labor,  materials,  and  facilities  must  be  included.  This  must  be  done  on 
a  W/WS  by  W/WS  basis,  because  the  data  from  this  program  suggest  that  some 
W/WS  can  be  replaced  at  less  cost  than  they  can  be  repaired. 

It  is  important  to  emphasize  that  all  of  the  recommendations  offered  above  are  contingent  on 
the  Air  Force  deciding  that  the  performance  of  the  repaired  W/WS  is  adequate. 
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6.3  Discussion 


In  reviewing  the  test  data,  the  question  of  why  one  W/WS  should  perform  better  or 
worse  than  another  in  a  structural  test  was  considered.  Four  possible  causes  were  identified: 

•  Vinyl  degradation  -  Vinyl,  being  a  plastic  is  subject  to  UV  degradation  and 
general  aging  due  to  loss  of  plasticizer.  As  a  result  of  the  aging,  the  vinyl  may 
become  brittle  and  crack,  thus  reducing  its  load  carrying  capacity  in  the 
laminate.  The  vinyl  could  also  be  preferentially  squeezed  from  the  edge  of  the 
W/WS  during  a  relaminating  repair  process  or  in  service.  Because  the  vinyl  is 
the  only  strucmral  ply  that  carries  the  load  into  the  W/WS  frame  for  a  bird 
impact,  if  this  occurred,  the  load  capacity  of  the  W/WS  would  be  degraded. 

•  Grinding/polishing  of  the  glass  -  The  C/KC-135  W/WS  use  heat-strengthened 
glass.  In  producing  this  type  of  glass,  the  ply  is  heated  to  near  its  softening 
point  and  then  quenched  to  introduce  compressive  residual  stresses  in  the  surface 
layers  as  shown  in  Figure  6.1.  Tensile  stresses  inside  the  glass  exist  to 
equilibrate  the  compressive  surface  stresses.  Because  glass  only  fails  due  to 
tensile  stresses  at  the  surface,  the  residual  compressive  stresses  must  be 
overcome  to  initiate  a  failure.  Grinding  and  polishing  remove  some  of  the 
beneficial  compressive  stresses,  and  hence,  the  overall  strength  of  the  glass  ply  is 
reduced.  Removal  of  the  highest  compressive  stress  layer,  however,  must  be 
balanced  against  removal  of  flaws.  In  concert  with  the  obvious  effect  of  removal 
of  the  highest  compressive  stress  layer,  as  far  as  flaw  tolerance  goes,  the  surface 
may  also  not  be  as  smooth  after  grinding/polishing.  Smoother  surfaces  have  less 
flaws  and  a  profoundly  higher  strength^^^^. 

•  Stress  corrosion  cracking  of  the  glass  -  The  surface  of  glass  contains  many 
microscopic  cracks  and  fissures,  and  under  a  sustained  load,  the  presence  of 
moisture  exacerbates  the  growth  of  these  cracks^^^"^^^.  Generally,  water  vapor  in 
the  air  is  sufficient  to  cause  the  degradation.  Elevated  temperamres  and  longer 
exposures  accelerate  the  stress  corrosion  cracking  effect.  Although  there  is  no 
direct  evidence  that  aircraft  W/WS  degrade  dramatically  from  this  phenomenon, 
the  fact  that  the  W/WS  are  highly  stressed  due  to  thermal  and  pressure  loading, 
they  are  exposed  to  atmospheric  moisture,  they  are  routinely  heated  in  a  high 
stress  state,  and  that  old  W/WS  performed  below  new  W/WS  in  the  strucmral 
tests  suggests  that  there  may  be  more  than  a  casual  cause-effect  relationship. 

•  Fatigue  -  Glass  exhibits  a  complex  load  rate-cyclic  loading  behavior.  Under  a 
constant  maximum  load,  no  effect  of  cyclic  loading  is  observed,  but  under 
increasing  maximum  load,  cyclic  loading  reduces  the  strength^^^’^^^.  The  net 
effect  for  a  W/WS  undergoing  repeated  pressure  cycles  is  not  clear,  but  it  seems 
plausible  that  some  amount  of  micro-crack  propagation  occurs. 
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There  is  no  conclusive  evidence  that  the  results  of  this  test  program  can  be  directly  attributed 
to  any  of  the  mechanisms  described  above.  However,  it  does  not  seem  unreasonable  to 
suggest  that  they  might.  As  far  as  the  implications  for  use  of  repaired  W/WS,  vinyl 
degradation,  stress  corrosion  cracking,  and  fatigue  affect  both  repaired  and  unrepaired 
W/WS.  Only  repaired  W/WS  would  seem  to  be  susceptible  to  the  grinding/polishing 
degradation  mechanism. 

It  would  be  nice  to  be  able  to  make  generalizations  about  some  W/WS  being  better 
repair  candidates  than  others,  possibly  based  on  age.  Unfortunately,  there  is  just  too  little 
data  to  support  such  generalizations.  There  are  enough  inconsistencies  in  the  data,  i.e.,  new 
W/WS  older  than  some  of  the  repaired  ones,  some  very  old  W/WS  performing  just  as  well 
as  new  W/WS  (1971  manufacture  #1  W/WS  S/N  l-H-10-5-480  pressure  cycle  and  ball  drop, 
1974  manufacture  #4  W/WS  S/N  4-H-10-9-69  bird  strike),  etc.,  that  one  cannot  readily  see 
trends  in  the  data.  To  try  to  treat  the  test  results  in  a  statistical  manner,  looking  for 
correlations,  just  does  not  make  any  sense  with  such  small  sample  populations.  The  best  that 
one  can  say  is  that  repaired  W/WS  are  not  equivalent  to  new  W/WS. 

It  is  unformnate  that  The  Glass  Doctor  declined  to  participate  in  this  program.  The 
repairs  that  The  Glass  Doctor  makes  are  unique,  and  based  on  their  cost  estimates,  quite 
inexpensive.  The  long-term  performance  of  the  materials  that  The  Glass  Doctor  injects  into 
the  W/WS  may  be  a  concern,  particularly  in  terms  of  extended  exposure  to  ultra-violet 
radiation.  The  quality  assurance  aspect  of  not  being  certain  of  what  is  being  injected  in  any 
given  repair  is  also  of  concern.  On  the  other  hand.  The  Glass  Doctor  does  warranty  repairs, 
other  than  improper  handling,  for  up  to  three  years. 

The  issue  of  commercial  construction  W/WS  versus  military  construction  W/WS 
deserves  some  comment.  According  to  PPG,  back  when  Boeing  707's  were  first  coming  into 
service,  chipping  of  the  outer  ply  glass  in  the  comers  was  common  and  was  attributed  to 
uneven  W/WS  heating  causing  differential  thermal  expansion/contraction  of  the  glass  and  the 
underlying  vinyl.  The  slip  planes  in  the  current  C/KC-135  W/WS  are  there  to  help  control 
this  problem.  To  completely  eliminate  the  problem,  Boeing  tried  sewing  fine  wires  in  with 
the  vinyl,  so-called  edge  heaters,  to  keep  the  vinyl  "soft"  in  the  W/WS  comers.  This  was 
not  very  successful,  because  no  additional  power  was  applied  to  the  W/WS  and  failure  of  the 
edge  heaters  was  common.  A  second  solution,  was  to  put  external  glue-on  edge  heaters  on 
the  inside  of  the  W/WS.  This  approach,  unfortunately,  does  not  put  the  heat  where  it  is 
needed  -  at  the  outer  glass  ply  to  vinyl  interface.  The  final  solution,  which  is  the  current 
commercial  W/WS  standard,  was  to  put  a  thin  layer  of  polyurethane  between  the  vinyl  and 
the  outer  glass  ply.  Because  the  polyurethane  is  more  ductile  and  does  not  bond  as  tightly  to 
the  glass  as  vinyl,  the  glass  and  vinyl  can  move  somewhat  independently.  The  polyurethane 
layer,  which  could  simply  be  added  to  the  existing  W/WS  because  of  the  large  tolerances  on 
glass  and  overall  assembly  thickness,  eliminated  the  edge  cracking  problems  and  did  away 
with  the  need  for  slip  planes  and  edge  heaters.  The  cost  of  a  polyurethane  layer  W/WS  is 
something  less  than  10-percent  higher  than  the  cost  of  a  vinyl-only  W/WS.  The  polyurethane 
is  itself  significantly  more  expensive,  but  this  is  balanced  against  less  labor  because  the  slip 
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planes  and  edge  heaters  are  eliminated.  For  conunercial  fleets,  the  higher  cost  is  justified  on 
the  basis  of  more  flight  hours  between  WAVS  replacements.  For  C/KC-135's,  because  they 
do  not  see  nearly  the  flight  hours  per  year  that  commercial  planes  see,  the  cost  to  benefit 
ratio  for  the  technically  superior  polyurethane  layer  W/WS  may  not  be  low  enough. 
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Table  2.1  C/KC-135  WAVS  Part  Numbers 


Type  of  Windshield 

NSN 

Part  Number 

#1  Pilot 

1560-01-048-1885  FL 

5-89354-501 

#1  Copilot 

1560-01-048-1786  FL 

5-89354-502 

#2  Pilot 

1560-01-009-3320  FL 

5-89355-501 

#2  Copilot 

1560-01-008-7396  FL 

5-89355-502 

#3  Pilot 

1560-00-575-6302  FL 

5-89356-501 

#3  Copilot 

1560-00-575-6297  FL 

5-89356-502 

#4  Pilot 

1560-00-575-6299  FL 

5-71764-501 

#4  Copilot 

1560-00-575-6298  FL 

5-71764-502 

#5  Pilot 

1560-00-575-6300  FL 

5-89358-501 

#5  Copilot 

1560-00-575-6301  FL 

5-89358-502 

Table  2.2  C/KC-135  Program  W/WS 


Type  of  Windshield  (1-5) 

S/N 

Condition 

1 

82-H-9-6-537 

repairable 

1 

84-H-3-19-220 

repairable 

1 

l-H-10-5-480 

repairable 

1 

83-H-9-19-294 

not  repairable 

1 

83-H-9-19-282 

repairable 

1 

83-H-8-15-756 

repairable 

1 

82-H-10-18-107 

repairable 

1 

83-H-l  1-7-432 

repairable 

1 

82-H-9-6-235 

repairable 

1 

83-H-l  1-21-325 

repairable 

1 

86-H-12-01-146 

repairable 

1 

88-H-02-08-436 

repairable 

1 

6-H-8-4-26 

repairable 

1 

89-286-HO-697 

repairable 

1 

82-H-10-105 

repairable 

1 

83-H-9-19-459 

repairable 

1 

82-H-12-6-431 

repairable 

Table  2.2  C/KC-135  Program  W/WS  continued 


Type  of  Windshield  (1-5) 

S/N 

Condition 

2 

4-H-9-27-168 

repairable 

2 

6-H-1-15-28 

repairable 

2 

85-H-06-03-722 

repairable 

2 

6-H-2-27-57 

not  repairable 

2 

6-H-2-20-23 

not  repairable 

3 

5-H-3-2-730 

not  repairable 

3 

6-H-3-18-28 

not  repairable 

3 

6-H-4-6-25 

not  repairable 

3 

6-H-12-10-30 

not  repairable 

3 

B73-2815 

not  repairable 

3 

B73-3439 

not  repairable 

3 

B73-3565 

not  repairable 

3 

B73-2462 

not  repairable 

3 

85-H-01-07-725 

not  repairable 

3 

O-H-9-1-1140 

not  repairable 

3 

B73-2509 

not  repairable 

3 

5-H-2-16-042 

not  repairable 

3 

B73-3955 

not  repairable 

3 

4-H-10-4-02 

not  repairable 

3 

4-H-9-18-15 

not  repairable 

3 

7-H-12-13-67 

not  repairable 

3. 


Table  2.2  C/KC-135  Program  WAVS  continued 


Type  of  Windshield  (1-5) 

S/N 

Condition 

4 

4-H-10-15-108 

not  repairable 

4 

4-H-10-9-75 

not  repairable 

4 

4-H-9-28-87 

repairable 

4 

5-H-12-16-47 

repairable 

4 

6-H-4-29-50 

not  repairable 

4 

8-H-2-06-585 

repairable 

4 

87-H-04-20-130 

repairable 

4 

7-H-1-25-01 

not  repairable 

4 

3-H-4-26-45 

repairable 

4 

82-H-12-6-392 

not  repairable 

4 

B75-1149 

repairable 

4 

6-H-12-02-36 

not  repairable 

4 

85-H-07-01-276 

repairable 

4 

7-H-2-4-35 

not  repairable 

4 

90-173-HO-721 

repairable 

4 

4-H-10-9-69 

not  repairable 

4 

4-C-02-12-10 

not  repairable 

4 

84-H-10-15-1225 

repairable 

4 

85-H-07-01-366 

repairable 

4 

85-H-09-02-795 

not  repairable 

4 

5-H-5-23-84 

not  repairable 

Table  2.2  C/KC-135  Program  WAVS  continued 


Type  of  Windshield  (1-5) 

S/N 

Condition 

5 

4-C-5-16-11 

not  repairable 

5 

4-C-5-28-16 

not  repairable 

5 

4-H-8-30-95 

repairable 

5 

5-H-2-5-75 

not  repairable 

5 

2-H-12-15-58 

not  repairable 

5 

H-30-67 

not  repairable 

5 

7-H-10-14-56 

repairable 

5 

2-H-6-20-70 

not  repairable 

5 

2-H-4-24-49 

not  repairable 

5 

4-C-7-12-22 

repairable 

5 

4-H-8-33-64 

not  repairable 

5 

5-H-12-5-05 

repairable 

5 

4-C-6-12-13 

not  repairable 

5 

2-H-6-29-06 

not  repairable 

5 

3-H-5-23-79 

repairable 

Table  2.3  C/KC-135  #1  and  #4  W/WS  Dimensions 


#1  W/S 

#4  W/S 

Length  (approx),  inches 

35 

13 

Height  (approx),  inches 

18 

10 

Thickness  (approx),  inches 

1 

1 

Weight  (approx),  pounds 

46 

8 

Table  3.1  C/KC-135  Repaired  and  Not  Repaired  #1  W/WS  in  the  Test  Program 


S/N 

Repair 

Vendor 

Vendor  Damage 
Comments 

Vendor  Repair  Comments 

83-H-l  1-7-432 

Perkins 

delaminated 

82-H-10-18-105 

Perkins 

delaminated,  scratched 

88-H-02-08-436 

NORDAM 

scratches 

polish,  replace  bumper  and 
pressure  seal 

82-H-12-6-431 

NORDAM 

scratches  and  chips 

polish,  replace  bumper  and 
pressure  seal 

l-H-10-5-480 

Perkins 

delaminated,  scratched 

83-H-9-19-294 

Perkins 

delaminated 

not  repairable 

82-H-9-6-537 

NORDAM 

scratches 

polish,  replace  bumper  and 
pressure  seal 

83-H-9-19-459 

NORDAM 

scratches  and  chips 

polish,  replace  bumper  and 
pressure  seal 

83-H-9-19-282 

Perkins 

delaminated 

83-H-8-15-756 

Perkins 

delaminated 

84-H-3-19-220 

Perkins 

delaminated,  scratched 

86-H-12-01-146 

NORDAM 

scratches  and  chips 

polish,  replace  bumper  and 
pressure  seal 

82-H-10-18-107 

Perkins 

delaminated 

82-H-9-6-235 

NORDAM 

scratches 

polish,  replace  bumper  and 
pressure  seal 

83-H-l  1-21-325 

NORDAM 

scratches  and  chips 

polish,  replace  bumper  and 
pressure  seal 

89-286-HO-697 

NORDAM 

scratches 

polish,  replace  bumper  and 
pressure  seal 

Table  3.2  C/KC-135  Repaired  and  Not  Repaired  #4  WAVS  in  the  Test  Program 


S/N 

Repair 

Vendor 

Vendor  Damage 
Comments 

Repair  Comments 

B75-1149 

NORDAM 

scratches 

polish,  replace  bumper  and 
pressure  seals 

85-H-07-01-276 

NORDAM 

scratches 

polish,  replace  bumper  and 
pressure  seals 

90-173-HO-721 

Perkins 

bad  terminal  block 

5-H-5-23-84 

NORDAM 

delamination,  scratches, 
bad  resistance 

not  repairable 

7-H-2-4-35 

NORDAM 

scratches,  bad  resistance 

not  repairable 

4-H-10-9-69 

Perkins 

contaminated 

not  repairable 

82-H-12-6-392 

Perkins 

contaminated 

not  repairable 

6-H-12-02-36 

Perkins 

bad  resistance 

not  repairable 

87-H-04-20-130 

NORDAM 

scratches 

polish,  replace  bumper  and 
pressure  seals 

8-H-2-06-585 

Perkins 

delamination,  scratches 

85-H-07-01-366 

NORDAM 

scratches 

polish,  replace  bumper  and 
pressure  seals 

5-H-12-16-47 

NORDAM 

delamination,  scratches 

polish,  autoclave,  replace 
bumper  and  pressure  seals 

84-H-10-15-1225 

NORDAM 

delamination,  scratches 

polish,  autoclave,  replace 
bumper  and  pressure  seals 

4-H-9-28-87 

NORDAM 

scratches 

polish,  replace  bumper  and 
pressure  seals 

3-H-4-26-45 

NORDAM 

delamination,  scratches, 
and  chips 

polish,  autoclave,  replace 
bumper  and  pressure  seals 

4-H-10-15-108 

NORDAM 

delamination,  scratches, 
bad  resistance 

not  repairable 
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Table  4.1  C/KC-135  #1  WAVS  General  Examination  and  Dimensional  Measurements  Test 

Results  (acc= acceptable,  REJ=  reject) 


S/N 

Type 

Visual 

Examination 

Seal 

Vinyl 

Dimensional 

Check 

Comments 

86-H-10-06-062 

new 

acc 

acc 

acc 

acc 

86-H-10-06-092 

new 

acc 

acc 

acc 

acc 

86-H-10-06-013 

new 

acc 

acc 

acc 

acc 

86-H-10-06-048 

new 

acc 

acc 

acc 

acc 

83-H-l  1-7-432 

repaired 

REJ 

REJ 

acc 

acc 

l,a 

82-H-10-18-105 

repaired 

REJ 

REJ 

acc 

acc 

l,2,b 

88-H-02-08-436 

repaired 

REJ 

REJ 

acc 

acc 

l,b 

82-H-12-6-431 

repaired 

REJ 

acc 

acc 

acc 

1 

l-H-10-5-480 

repaired 

REJ 

REJ 

acc 

acc 

l,c 

83-H-9-19-294 

not 

repaired 

REJ 

REJ 

REJ 

acc 

1,2, d 

82-H-9-6-537 

repaired 

REJ 

REJ 

acc 

acc 

l,c 

83-H-9-19-459 

repaired 

REJ 

REJ 

acc 

acc 

l,2,b 

Key  to  Comments 


1  -  air  and  delamination  at  edges 

2  -  surface  scratch(es) 

3  -  delamination  at  edges 

4  -  air  and  delamination  throughout 

5  -  delamination  in  comers 

6  -  surface  chip 


a  -  air  and  water  breach  seal 
b  -  seal  needs  to  be  trimmed 
c  -  wrong  seal  on  outboard  side 
d  -  seal  falling  apart 
e  -  bad  seal 
f  -  bad  bumper 
g  -  no  outboard  seal 
h  -  no  outboard  bumper 
i  -  inboard  bumper  bad 
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Table  4.1  C/KC-135  #l  WAVS  General  Examination  and  Dimensional  Measurements  Test 
Results  continued  (acc= acceptable,  REJ=  reject) 


S/N 

Type 

Visual 

Examination 

Seal 

Vinyl 

Dimensional 

Check 

Comments 

86-H-10-06-007 

new 

acc 

acc 

acc 

acc 

86-H-10-06-030 

new 

acc 

acc 

acc 

acc 

86-H-10-06-022 

new 

acc 

acc 

acc 

acc 

86-H-10-06-096 

new 

acc 

acc 

acc 

acc 

83-H-9-19-282 

repaired 

REJ 

REJ 

acc 

acc 

3,c 

83-H-8-15-756 

repaired 

acc 

REJ 

acc 

acc 

c 

84-H-3-19-220 

repaired 

REJ 

REJ 

acc 

acc 

4,b 

86-H-12-01-146 

repaired 

acc 

REJ 

acc 

acc 

c 

82-H-10-18-107 

repaired 

REJ 

REJ 

acc 

acc 

5,b 

82-H-9-6-235 

repaired 

REJ 

REJ 

acc 

acc 

l,2,6,b 

83-H-l  1-21-325 

repaired 

REJ 

REJ 

acc 

acc 

l,b 

89-286-HO-697 

repaired 

REJ 

REJ 

acc 

acc 

2,b 

Key  to  Comments 


1  -  air  and  delamination  at  edges 

2  -  surface  scratch(es) 

3  -  delamination  at  edges 

4  -  air  and  delamination  throughout 

5  -  delamination  in  corners 

6  -  surface  chip 


a  -  air  and  water  breach  seal 
b  -  seal  needs  to  be  trimmed 
c  -  wrong  seal  on  outboard  side 
d  -  seal  falling  apart 
e  -  bad  seal 
f  -  bad  bumper 
g  -  no  outboard  seal 
h  -  no  outboard  bumper 
i  -  inboard  bumper  bad 
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Table  4.2  C/KC-135  #4  WAVS  General  Examination  and  Dimensional  Measurements  Test 

Results  (acc= acceptable,  REJ=reject) 


S/N 

Type 

Visual 

Examination 

Seal 

Vinyl 

Dimensional 

Check 

Comments 

B75-1149 

repaired 

REJ 

REJ 

acc 

acc 

3,c 

92-064-HO-471 

new 

acc 

acc 

acc 

acc 

92-064-HO-473 

new 

acc 

acc 

acc 

acc 

92-059-HO-350 

new 

acc 

acc 

acc 

acc 

92-025-HO-006 

new 

acc 

acc 

acc 

acc 

92-119-HO-186 

new 

acc 

acc 

acc 

acc 

85-H-07-01-276 

repaired 

REJ 

REJ 

acc 

no  data 

l,c 

90-173-HO-721 

repaired 

acc 

REJ 

acc 

acc 

c 

5-H-5-23-84 

not  repaired 

REJ 

REJ 

REJ 

acc 

l,2,e,f 

7-H-2-4-35 

not  repaired 

REJ 

REJ 

no  data 

acc 

1,2, f 

4-H-10-9-69 

not  repaired 

REJ 

REJ 

REJ 

acc 

l,g,h 

82-H-12-6-392 

not  repaired 

REJ 

REJ 

REJ 

acc 

l,g,h 

6-H-12-02-36 

not  repaired 

REJ 

REJ 

acc 

acc 

l,h 

Key  to  Comments 


1  -  air  and  delamination  at  edges 

2  -  surface  scratch(es) 

3  -  delamination  at  edges 

4  -  air  and  delamination  throughout 

5  -  delamination  in  comers 

6  -  surface  chip 


a  -  air  and  water  breach  seal 
b  -  seal  needs  to  be  trimmed 
c  -  wrong  seal  on  outboard  side 
d  -  seal  falling  apart 
e  -  bad  seal 
f  -  bad  bumper 
g  -  no  outboard  seal 
h  -  no  outboard  bumper 
i  -  inboard  bumper  bad 


Table  4.2  C/KC-135  #4  WAVS  General  Examination  and  Dimensional  Measurements  Test 
Results  continued  (acc= acceptable,  REJ=  reject) 


S/N 

Type 

Visual 

Examination 

Seal 

Vinyl 

Dimensional 

Check 

Comments 

87-H-04-20-130 

repaired 

REJ 

REJ 

acc 

acc 

6,c 

8-H-2-06-585 

repaired 

REJ 

REJ 

acc 

no  data 

l,c,i 

85-H-07-01-366 

repaired 

REJ 

REJ 

acc 

acc 

l,c,f 

92-064-HO-470 

new 

acc 

acc 

acc 

acc 

92-098-HO-591 

new 

acc 

acc 

acc 

acc 

92-093-HO-392 

new 

acc 

acc 

acc 

acc 

92-093-HO-388 

new 

acc 

acc 

acc 

acc 

5-H-12-16-47 

repaired 

REJ 

REJ 

acc 

acc 

l,c 

84-H-10-15-1225 

repaired 

REJ 

REJ 

REJ 

acc 

l,2,c 

4-H-9-28-87 

repaired 

REJ 

acc 

acc 

acc 

1 

3-H-4-26-45 

repaired 

REJ 

REJ 

REJ 

acc 

l,2,f,g 

4-H-10-15-108 

not 

repaired 

REJ 

REJ 

REJ 

acc 

1,2, 

Key  to  Comments 


1  -  air  and  delamination  at  edges 

2  -  surface  scratch(es) 

3  -  delamination  at  edges 

4  -  air  and  delamination  throughout 

5  -  delamination  in  comers 

6  -  surface  chip 


a  -  air  and  water  breach  seal 
b  -  seal  needs  to  be  trimmed 
c  -  wrong  seal  on  outboard  side 
d  -  seal  falling  apart 
e  -  bad  seal 
f  -  bad  bumper 
g  -  no  outboard  seal 
h  -  no  outboard  bumper 
i  -  inboard  bumper  bad 


42 


Table  4.3  C/KC-135  #1  WAVS  Basic  Electrical  Measurements  Test  Results 

(acc= acceptable,  REJ=  reject) 


S/N 

Type 

Bus 

Resistance 

Sensor 

Resistance 

Insulation  Integrity 

bus-to- 

sensor 

sensor-to- 

frame 

sensor-to- 

sensor 

86-H-10-06-062 

new 

acc 

acc 

acc 

acc 

acc 

86-H-10-06-092 

new 

acc 

acc 

acc 

acc 

acc 

86-H-10-06-013 

new 

acc 

acc 

acc 

acc 

acc 

86-H-10-06-048 

new 

acc 

acc 

acc 

acc 

acc 

83-H-l  1-7-432 

repaired 

acc 

acc 

acc 

acc 

acc 

82-H-10-18-105 

repaired 

acc 

acc 

acc 

acc 

REJ 

88-H-02-08-436 

repaired 

acc 

acc 

acc 

acc 

REJ 

82-H-12-6-431 

repaired 

acc 

acc 

acc 

acc 

acc 

l-H-10-5-480 

repaired 

acc 

acc 

acc 

acc 

acc 

83-H-9-19-294 

not 

repaired 

acc 

acc 

acc 

acc 

REJ 

82-H-9-6-537 

repaired 

acc 

acc 

acc 

acc 

REJ 

83-H-9-19-459 

repaired 

acc 

acc 

acc 

acc 

REJ 

86-H-10-06-007 

new 

acc 

acc 

acc 

acc 

acc 

86-H-10-06-030 

new 

acc 

acc 

acc 

acc 

acc 

86-H-10-06-022 

new 

acc 

acc 

acc 

acc 

acc 

86-H-10-06-096 

new 

acc 

acc 

acc 

acc 

acc 

83-H-9-19-282 

repaired 

acc 

acc 

acc 

acc 

acc 

83-H-8-15-756 

repaired 

acc 

acc 

acc 

acc 

acc 

84-H-3-19-220 

repaired 

acc 

acc 

acc 

acc 

REJ 

86-H-12-01-146 

repaired 

acc 

acc 

acc 

acc 

acc 

82-H-10-18-107 

repaired 

acc 

acc 

acc 

acc 

REJ 

82-H-9-6-235 

repaired 

acc 

acc 

acc 

acc 

REJ 

83-H-l  1-21-325 

repaired 

acc 

acc 

acc 

acc 

REJ 

89-286-HO-697 

repaired 

acc 

acc 

acc 

acc 

REJ 
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Table  4.4  C/KC-135  #4  WAVS  Basic  Electrical  Measurements  Test  Results 

(acc= acceptable,  REJ=reject) 


Bus 

Insulation  Integnty 

S/N 

Type 

Resistance 

bus-to-frame 

B75-1149 

repaired 

acc 

acc 

92-064-HO-471 

new 

acc 

acc 

92-064-HO-473 

new 

acc 

acc 

92-059-HO-350 

new 

acc 

acc 

92-025-HO-006 

new 

acc 

acc 

92-119-HO-186 

new 

acc 

acc 

85-H-07-01-276 

repaired 

REJ 

no  data 

90-173-HO-721 

repaired 

REJ 

acc 

5-H-5-23-84 

not  repaired 

REJ 

acc 

7-H-2-4-35 

not  repaired 

REJ 

acc 

4-H-10-9-69 

not  repaired 

acc 

acc 

82-H-12-6-392 

not  repaired 

acc 

acc 

6-H-12-02-36 

not  repaired 

acc 

acc 

87-H-04-20-130 

repaired 

acc 

acc 

8-H-2-06-585 

repaired 

acc 

acc 

85-H-07-01-366 

repaired 

acc 

acc 

92-064-HO-470 

new 

acc 

acc 

92-098-HO-591 

new 

acc 

acc 

92-093-HO-392 

new 

acc 

acc 

92-093-HO-388 

new 

'  acc 

acc 

5-H-12-16-47 

repaired 

REJ 

acc 

84-H-10-15-1225 

repaired 

acc 

acc 

4-H-9-28-87 

repaired 

acc 

1 

acc 

3-H-4-26-45 

repaired 

acc 

acc 

4-H-10-15-108 

not  repaired 

REJ 

acc 

Table  4.5  C/KC-135  #1  WAVS  Heater  Operation  Test  Results 
(acc= acceptable,  REJ=  reject) 


S/N 

Type 

Heater 

Operation 

Hot/Cold 

Spots 

Heater  Film 
Scratch  Test 

86-H-10-06-062 

new 

90-110°  F 

no 

acc 

86-H-10-06-092 

new 

90-115°  F 

no 

acc 

86-H-10-06-013 

new 

90-110°  F 

no 

acc 

86-H-10-06-048 

new 

90-110°  F 

no 

acc 

83-H-l  1-7-432 

repaired 

85-115°  F 

no 

acc 

82-H-10-18-105 

repaired 

85-110°  F 

no 

acc 

88-H-02-08-436 

repaired 

90-110°  F 

no 

acc 

82-H-12-6-431 

repaired 

95-120°  F 

no 

acc 

l-H-10-5-480 

repaired 

90-115°  F 

no 

acc 

83-H-9-19-294 

not  repaired 

no  test 

- 

acc 

82-H-9-6-537 

repaired 

80-140°  F 

no 

acc 

83-H-9-19-459 

repaired 

90-110°  F 

no 

acc 

86-H-10-06-007 

new 

90-115°  F 

no 

acc 

86-H-10-06-030 

new 

90-115°  F 

no 

acc 

86-H-10-06-022 

new 

missing  photo 

- 

acc 

86-H-10-06-096 

new 

90-110°  F 

no 

acc 

83-H-9-19-282 

repaired 

90-115°  F 

no 

acc 

83-H-8-15-756 

repaired 

90-115°  F 

no 

acc 

84-H-3-19-220 

repaired 

90-110°  F 

no 

acc 

86-H-12-01-146 

repaired 

95-120°  F 

no 

acc 

82-H-10-18-107 

repaired 

90-115°  F 

no 

acc 

82-H-9-6-235 

repaired 

90-115°  F 

no 

acc 

83-H-l  1-21-325 

repaired 

90-115°  F 

no 

acc 

89-286-HO-697 

repaired 

90-115°  F 

no 

acc 

Table  4.6  C/KC-135  #4  WAVS  Heater  Operabon  Test  Results 

(acc= acceptable,  REJ=reject) 


S/N 

Type 

Heater 

Operation 

B75-1149 

repaired 

95-115°  F 

92-064-HO-471 

new 

95-110°  F 

92-064-HO-473 

new 

95-120°  F 

92-059-HO-350 

new 

95-110°  F 

92-025-HO-006 

new 

95-110°  F 

92-119-HO-186 

new 

missing  photo 

85-H-07-01-276 

repaired 

no  test 

90-173-HO-721 

repaired 

no  test 

5-H-5-23-84 

not  repaired 

95-115°  F 

7-H-2-4-35 

not  repaired 

95-115°  F 

4-H-10-9-69 

not  repaired 

95-110°  F 

82-H-12-6-392 

not  repaired 

95-115°  F 

6-H-12-02-36 

not  repaired 

95-110°  F 

87-H-04-20-130 

repaired 

95-110°  F 

8-H-2-06-585 

repaired 

95-110°  F 

85-H-07-01-366 

repaired 

missing  photo 

92-064-HO-470 

new 

95-110°  F 

92-098-HO-591 

new 

95-115°  F 

92-093-HO-392 

new 

95-135°  F 

92-093-HO-388 

new 

95-110°  F 

5-H-12-16-47 

repaired 

95-110°  F 

84-H-10-15-1225 

repaired 

95-110°  F 

4-H-9-28-87 

repaired 

95-110°  F 

3-H-4-26-45 

repaired 

95-110°  F 

4-H-10-15-108 

not  repaired 

95-115°  F 

Hot/Cold 

Spots 


Heater  Film 
Scratch  Test 


Table  4.7  C/KC-135  #1  WAVS  Optical  Performance  Test  Results 
(acc= acceptable,  REJ=reject) 


S/N 

Type 

Luminous 

Transmittance 

Haze 

Deviation 

Distortion, 

center/edge 

86-H-10-06-062 

new 

acc 

acc 

acc 

none/ 1:30 

86-H-10-06-092 

new 

acc 

acc 

acc 

none/none 

86-H-10-06-013 

new 

acc 

acc 

acc 

none/none 

86-H-10-06-048 

new 

acc 

acc 

acc 

none/none 

83-H-l  1-7-432 

repaired 

acc 

acc 

acc 

none/ 1:20 

82-H-10-18-105 

repaired 

acc 

acc 

acc 

none/none 

88-H-02-08-436 

repaired 

acc 

acc 

acc 

none/none 

82-H-12-6-431 

repaired 

acc 

acc 

acc 

none/none 

l-H-10-5-480 

repaired 

acc 

acc 

acc 

none/none 

83-H-9-19-294 

not  repaired 

acc 

acc 

acc 

none/none 

82-H-9-6-537 

repaired 

acc 

acc 

acc 

none/none 

83-H-9-19-459 

repaired 

acc 

acc 

acc 

none/none 

86-H-10-06-007 

new 

acc 

acc 

acc 

none/none 

86-H-10-06-030 

new 

acc 

acc 

acc 

none/none 

86-H-10-06-022 

new 

acc 

acc 

acc 

none/none 

86-H-10-06-096 

new 

acc 

acc 

acc 

none/none 

83-H-9-19-282 

repaired 

acc 

acc 

acc 

none/none 

83-H-8-15-756 

repaired 

acc 

acc 

acc 

none/none 

84-H-3-19-220 

repaired 

acc 

acc 

acc 

none/none 

86-H-12-01-146 

repaired 

acc 

acc 

acc 

none/ 1:30 

82-H-10-18-107 

repaired 

acc 

acc 

acc 

none/ 1:40 

82-H-9-6-235 

repaired 

acc 

acc 

acc 

none/none 

83-H-l  1-21-325 

repaired 

acc 

acc 

acc 

none/none 

89-286-HO-697 

repaired 

acc 

acc 

acc 

none/none 
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Table  4.8  C/KC-135  H  WAVS  Optical  Peiforaiance  Test  Results 
(acc = acceptable ,  REJ = reject) 


S/N 

Type 

Luminous 

Transmittance 

Haze 

Deviation 

Distortion, 

center/edge 

B75-1149 

repaired 

acc 

acc 

acc 

none/1;  18 

92-064-HO-471 

new 

acc 

acc 

acc 

none/l:ll 

92-064-HO-473 

new 

acc 

acc 

acc 

none/l:14 

92-059-HO-350 

new 

acc 

acc 

acc 

none/1 :7 

92-025-HO-006 

new 

acc 

acc 

acc 

none/1: 8 

92-119-HO-186 

new 

acc 

acc 

acc 

missing  photo 

85-H-07-01-276 

repaired 

acc 

acc 

acc 

none/l:12 

90-173-HO-721 

repaired 

acc 

acc 

acc 

none/l:10 

5-H-5-23-84 

not  repaired 

acc 

acc 

acc 

none/none 

7-H-2-4-35 

not  repaired 

acc 

acc 

acc 

none/ 1:25 

4-H-10-9-69 

not  repaired 

acc 

acc 

acc 

none/1 :21 

82-H-12-6-392 

not  repaired 

acc 

acc 

acc 

none/1 :7 

6-H- 12-02-36 

not  repaired 

acc 

acc 

acc 

none/none 

87-H-04-20-130 

repaired 

acc 

acc 

acc 

1:16/1:5 

8-H-2-06-585 

repaired 

acc 

acc 

acc 

none/ 1:22 

85-H-07-01-366 

repaired 

acc 

acc 

acc 

none/1: 8 

92-064-HO-470 

new 

acc 

acc 

acc 

none/l:12 

92-098-HO-591 

new 

acc 

acc 

acc 

none/1 :9 

92-093-HO-392 

new 

acc 

acc 

acc 

none/l:10 

92-093-HO-388 

new 

acc 

acc 

acc 

none/ 1:9 

5-H-12-16-47 

repaired 

acc 

acc 

acc 

none/none 

84-H-10-15-1225 

repaired 

acc 

acc 

acc 

none/1 :6 

4-H-9-28-87 

repaired 

acc 

acc 

acc 

none/1: 16 

3-H-4-26-45 

repaired 

acc 

acc 

acc 

none/none 

4-H-10-15-108 

not  repaired 

acc 

acc 

acc 

1:16/1:22 
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Table  4.9  C/KC-135  #1  WAVS  Pressure  bitegrity  Test  Results 


S/N 

lype 

Initial  Proof 
Pressure  Test 

Damage  from 
Pressure  Cycling 

Final  Proof 
Pressure  Test 

86-H-10-06-062 

new 

passed 

no  apparent  damage 

passed 

86-H-10-06-092 

new 

passed 

no  apparent  damage 

passed 

86-H-10-06-013 

new 

passed 

no  apparent  damage 

passed 

86-H-10-06-048 

new 

passed 

no  apparent  damage 

passed 

83-H-l  1-7-432 

repaired 

passed 

no  apparent  damage 

passed 

81-H-10-18-105 

repaired 

passed 

no  apparent  damage 

passed 

88-H-02-08-436 

repaired 

passed 

no  apparent  damage 

passed 

82-H-12-6-431 

repaired 

passed 

no  apparent  damage 

passed 

l-H-10-5-480 

repaired 

passed 

no  apparent  damage 

passed 

83-H-9-19-294 

not  repaired 

passed 

no  apparent  damage 

passed 

82-H-9-6-537 

repaired 

passed 

delamination  near 
slip  plane  areas 

passed 

83-H-9-19-459 

repaired 

passed 

delamination  near 
slip  plane  areas 

passed 

Table  4.10  C/KC-135  #4  WAVS  Pressure  Integrity  Test  Results 


S/N 

Type 

Initial  Proof 
Pressure  Test 

Damage  from  Pressure 
Cycling 

Final  Proof 
Pressure  Test 

87-H-04-20-130 

repaired 

passed 

no  apparent  damage 

passed 

8-H-2-06-585 

repaired 

passed 

no  apparent  damage 

passed 

85-H-07-01-366 

repaired 

passed 

no  apparent  damage 

passed 

92-064-HO-470 

new 

passed 

no  apparent  damage 

passed 

92-098-HO-591 

new 

passed 

no  apparent  damage 

passed 

92-093-HO-392 

new 

passed 

no  apparent  damage 

passed 

92-093-HO-388 

new 

passed 

no  apparent  damage 

passed 

5-H-12-16-47 

repaired 

passed 

large  amount  of 
delamination  along  forward 
edge  and  lower  forward 
comer 

passed 

84-H-10-15-1225 

repaired 

passed 

no  apparent  damage 

passed 

4-H-9-28-87 

repaired 

passed 

no  apparent  damage 

passed 

3-H-4-26-45 

repaired 

passed 

delamination  in  lower 
forward  comer  of  less  than 

1  square  inch 

passed 

4-H-10-15-108 

not  repaired 

passed 

no  apparent  damage 

passed 
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Table  4.11  C/KC-135  #1  WAVS  Residual  Strength  Ball  Drop  Test  Results 


W/WS  S/N 

Type 

Damage  from 
Pressure  Cycling 

Comments 

86-H-10-06-062 

new 

no  apparent  damage 

Two  ball  drops.  Outboard  glass  ply 
broken.  Crushing  in  impact  area.  No 
delamination  created  by  cracking  of 
the  outer  ply. 

83-H-9-19-459 

repaired 

delamination  near 
slip  plane  areas 

Two  ball  drops.  Outboard  glass  ply 
broken.  Core  ply  intact.  No 
delamination  from  glass  breakage. 

l-H-10-5-480 

repaired 

no  apparent  damage 

Two  ball  drops.  Outboard  glass  ply 
broken.  No  delamination  from  outer 
ply  cracking. 

81-H-10-18-105 

repaired 

no  apparent  damage 

One  ball  drop  only.  Both  glass  plies 
failed.  Large  amount  of  spall  driven 
from  core  ply  inboard  surface. 

82-H-9-6-537 

repaired 

delamination  near 
slip  plane  areas 

One  ball  drop  only.  Both  glass  plies 
failed.  Large  amount  of  spall 
removed  from  core  ply  surface. 

Table  4.12  C/KC-135  #4  WAVS  Residual  Strength  Ball  Drop  Test  Results 


W/WS  S/N 

Type 

Damage  from  Pressure 
Cycling 

Comments 

92-093-HO-388 

new 

no  apparent  damage 

Outboard  glass  ply  broken.  Core 
ply  intact.  No  delamination 
associated  with  glass  breaking. 

87-H-04-20-130 

repaired 

no  apparent  damage 

Outboard  glass  ply  broken.  Core 
ply  intact.  No  delamination 
associated  with  glass  breaking. 

8-H-2-06-585 

repaired 

no  apparent  damage 

Outboard  glass  ply  broken.  Core 
ply  intact.  No  delamination 
associated  with  glass  breaking. 

3-H-4-26-45 

repaired 

delamination  in  lower 
forward  comer  of  less 
than  1  square  inch 

Both  glass  plies  failed.  Large 
area  of  core  ply  inboard  surface 
spalled  in  impact  area. 

5-H-12-16-47 

repaired 

large  amount  of 
delamination  along 
forward  edge  and  lower 
forward  comer 

Both  glass  plies  failed.  Large 
area  of  core  ply  inboard  surface 
spalled  in  impact  area. 
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Table  4.13  C/KC-135  #1  W/WS  Bird  Impact  Test  Results 
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Table  4.14  C/KC-135  H  W/WS  Bird  Impact  Test  Results 
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Table  4.15  C/KC-135  W/WS  General  Inspection  Sunnnaiy 


#1  WAVS 

#4  W/WS 

Category 

New 

Repaired 

Not 

Repaired 

New 

Repaired 

Not 

Repaired 

Number  Tested 

8 

15 

1 

9 

10 

6 

Number  with  delamination, 
scratches,  or  chips 

0 

13 

1 

0 

9 

6 

Number  with  seal 
deficiencies 

0 

14 

1 

0 

8 

6 

Number  with  vinyl  cracks 

0 

0 

1 

0 

2 

4 

Number  with  bad 
dimensional  check 

0 

0 

0 

0 

0 

0 

Number  with  bad  bus 
resistance 

0 

0 

0 

0 

3 

3 

Number  with  bad  sensor 
resistance 

0 

0 

0 

- 

- 

- 

Number  with  bad  insulation 

0 

9 

1 

0 

0 

0 

Number  with  poor  heater 
performance 

0 

0 

1 

0 

1 

0 

Number  with  bad  optics 

0 

0 

0 

0 

0 

0 
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Table  4.16  C/KC-135  WAVS  Pressure  Integrity  Test  Summary 


#1  WAVS 


#4  W/WS 


Category 


Number  Tested 


Number  failing  initial  proof 
pressure  test 


Number  failing  during 
pressure  cycling 


Number  failing  final  proof 
pressure  test 


Number  delaminated 


Not 

Repaired  Repaired 


Not 

Repaired  Repaired 


Table  4.17  C/KC-135  W/WS  Ball  Drop  Residual  Strength  Test  Summary 


#1  W/WS 

H  W/WS 

Category 

New 

Repaired 

New 

Repaired 

Number  Tested 

1 

4 

1 

4 

Number  with  initial 
delamination 

0 

2 

0 

2 

Number  with  outboard  ply 
failure  only 

1 

2 

1 

2 

Number  with  both  glass 
plys  failed 

0 

2 

0 

2 

Table  4.18  C/KC-135  WAVS  Bird  Impact  Test  Summary 


#1  w/ws 

H  W/WS 

Category 

New 

Repaired 

New 

Repaired 

Not 

Repaired 

Number  Tested 

4 

8 

5 

3 

5 

Number  undamaged 

3 

2 

4 

2 

2 

Number  with 
outboard  ply  broken 
only 

1 

2 

1 

1 

1 

Number  with  inboard 
ply  broken  only 

0 

1 

0 

0 

0 

Number  with  all  glass 
plies  failed 

0 

3 

0 

0 

2 

Number  with  no  iimer 
ply  glass  spall 

4 

6 

5 

3 

3 

Number  with  minor 
inner  ply  glass  spall 

0 

2 

0 

0 

1 

Number  with  major 
inner  ply  glass  spall 

0 

0 

0 

0 

1 

Number  with  no  bird 
penetration 

4 

8 

5 

3 

4 

Number  with  minor 
bird  penetration 

0 

0 

0 

0 

0 

Number  with  major 
bird  penetration 

0 

0 

0 

0 

1 
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Table  4.19  C/KC-135  #1  W/WS  Mounting  Edge  Measurements  and  Bird  Impact  Test  Results 


S/N 

Type 

Edge  Thickness, 
inches 

Bird  Impact  Comments 

86-H-10-06-007 

new 

0.936 

0.943 

0.942 

Outboard  glass  ply  broken.  Core  ply  intact. 

82-H-lO-l  8-107 

repaired 

0.843 

0.852 

0.838 

All  glass  plies  failed.  Minor  amount  of 
glass  spall  from  inboard  ply  on  spall  sheet. 

83-H-9-19-282 

repaired 

similar  to 
82-H-10-18-107 

Core  ply  failed.  No  glass  spall  on  spall 
sheet. 

83-H-8-15-756 

repaired 

similar  to 
82-H-lO-l  8-107 

All  glass  plies  failed.  Minor  glass  spall  on 
spall  sheet. 

83-H-l  1-21-325 

repaired 

0.927 

0.936 

0.939 

All  glass  plies  failed.  No  spall  on  spall 
sheet. 

86-H-06-030 

86-H-10-06-22 

86-H-10-06-96 

new 

0.908  min 
0.940  max 

No  damage. 

84-H-3-19-220 

repaired 

Outboard  glass  ply  failed. 

86-H-12-01-146 

No  glass  breakage. 

82-H-9-6-235 

Outboard  glass  ply  failed. 

89-286-HO-697 

No  damage. 

91-010-HO-206 

unrepaired 

0.850  min 
0.909  max 

Not  bird  impact  tested. 

87-H-06-29-758 

0.893  min 
0.920  max 

87-H-09-21-671 

0.886  min 
0.922  max 

90-180-HO-139 

0.839  min 
0.887  max 

82-H-9-20-127 

0.902  min 
0.918  max 
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Table  5.1  Initial  C/KC-135  WAVS  Repair  Estimates 


Type  of  W/WS 

NORDAM^ 

The  Glass  Doctor® 

1 

$1,890 

$2,000 

$1,327'= 

2 

glass  only 

$1,512 

$1,500 

$896 

frame  and  glass 

$6,700 

- 

- 

3 

$735  Category  1“ 
$945  Category  11 
$945  Category  HI 
$1,280  Category  IV 

$750 

$516 

4 

$975 

$875 

$667 

5 

$750 

$875 

$484 

Notes: 

a)  Estimate,  actual  price  quote  based  on  specific  repairs  required  as  determined  by  incoming 
inspection. 

b)  Fixed  price. 

c)  Sensor  repair  or  replacement,  $437  additional. 

d)  NORDAM  #3  W/WS  Repair/Overhaul  Categories: 

All  repair  categories  include  complete  disassembly,  inspection,  and  reassembly  with  new 
seal  and  new  grommets. 


Category 

Transparency  Repair 

I 

Polish  inner  and  outer  panes 

II 

Polish  outer  pane,  replace  inner  pane 

III 

Polish  inner  pane,  replace  outer  pane 

IV 

Replace  inner  and  outer  panes 

Table  5.2  C/KC-135  #l  WAVS  Actual  Repair  Costs  (NR=not  repairable) 


S/N 

Repair 

Vendor 

Vendor  Damage 
Comments 

Repair  Cost 

83-H-l  1-7-432 

Perkins 

delaminated 

$2,000 

82-H-lO-l  8-105 

Perkins 

delaminated,  scratched 

$2,000 

88-H-02-08-436 

NORDAM 

scratches 

$1,695 

82-H-12-6-431 

NORDAM 

scratches  and  chips 

$2,090 

l-H-10-5-480 

Perkins 

delaminated,  scratched 

$2,000 

83-H-9-19-294 

Perkins 

delaminated 

$0,  NR 

82-H-9-6-537 

NORDAM 

scratches 

$1,893 

83-H-9-19-459 

NORDAM 

scratches  and  chips 

$1,893 

83-H-9-19-282 

Perkins 

delaminated 

$2,000 

83-H-8-15-756 

Perkins 

delaminated 

$2,000 

84-H-3-19-220 

Perkins 

delaminated,  scratched 

$2,000 

86-H-12-01-146 

NORDAM 

scratches  and  chips 

$1,695 

82-H-lO-l  8-107 

Perkins 

delaminated 

$2,000 

82-H-9-6-235 

NORDAM 

scratches 

$1,695 

83-H-l  1-21-325 

NORDAM 

scratches  and  chips 

$2,090 

89-286-HO-697 

NORDAM 

scratches 

$2,090 

Table  5.3  C/KC-135  #4  WAVS  Actual  Repair  Costs  (NR=not  repairable) 


S/N 

Repair 

Vendor 

Vendor  Damage 
Comments 

Repair  Cost 

B75-1149 

NORDAM 

scratches 

$559 

85-H-07-01-276 

NORDAM 

scratches 

$954 

90-173-HO-721 

Perkins 

bad  terminal  block 

$875 

5-H-5-23-84 

NORDAM 

delamination,  scratches, 
bad  resistance 

$0,  NR 

7-H-2-4-35 

NORDAM 

scratches,  bad 
resistance 

$0,  NR 

4-H-10-9-69 

Perkins 

contaminated 

$0,  NR 

82-H-12-6-392 

Perkins 

contaminated 

$0,  NR 

6-H-12-02-36 

Perkins 

bad  resistance 

$0,  NR 

87-H-04-20-130 

NORDAM 

scratches 

$954 

8-H-2-06-585 

Perkins 

delamination,  scratches 

$875 

85-H-07-01-366 

NORDAM 

scratches 

$559 

5-H-12-16-47 

NORDAM 

delamination,  scratches 

$1,151 

84-H-10-15-1225 

NORDAM 

delamination,  scratches 

$1,151 

4-H-9-28-87 

NORDAM 

scratches 

$559 

3-H-4-26-45 

NORDAM 

delamination,  scratches, 
and  chips 

$1,349 

4-H-10-15-108 

NORDAM 

delamination,  scratches, 
bad  resistance 

$0,  NR 

Table  5.4  Cost  Quotes  for  All  Protofype  Repair  Candidate  C/KC-135  WAVS 

(NR=not  repairable) 


Type  of  WAVS 
(1-5) 

S/N 

Repair  Vendor 

1 

82-H-9-6-537 

NORDAM 

1 

84-H-3-19-220 

Perkins 

1 

l-H-10-5-480 

Perkins 

1 

83-H-9-19-294 

Perkins 

1 

83-H-9-19-282 

Perkins 

1 

83-H-8-15-756 

Perkins 

1 

82-H-10-18-107 

Perkins 

1 

83-H-l  1-7-432 

Perkins 

1 

82-H-9-6-235 

NORDAM 

1 

83-H-l  1-21-325 

NORDAM 

1 

86-H-12-01-146 

NORDAM 

1 

88-H-02-08-436 

NORDAM 

1 

6-H-8-4-26 

NORDAM 

1 

89-286-HO-697 

NORDAM 

1 

82-H-10-105 

Perkins 

1 

83-H-9-19-459 

NORDAM 

1 

82-H-12-6-431 

NORDAM 

2 

4-H-9-27-168 

NORDAM 

2 

6-H-1-15-28 

NORDAM 

2 

85-H-06-03-722 

NORDAM 

2 

6-H-2-27-57 

Perkins 

2 

6-H-2-20-23 

Perkins 

3 

5-H-3-2-730 

NORDAM 

3 

6-H-3-18-28 

NORDAM 

3 

6-H-4-6-25 

NORDAM 

3 

6-H-12-10-30 

NORDAM 

3 

B73-2815 

Perkins 

3 

B73-3439 

Perkins 

Cost  of  Repair 


$1,893 


$2,000 


$2,000 


$0,  NR 


$2,000 


$2,000 


$2,000 


$2,000 


$1,695 


$2,090 


$2,090 


$1,695 


$2,683 


$2,090 


$2,000 


$1,893 


$2,090 


$1,919 


$1,721 


$0,  NR 


$0,  NR 


$0,  NR 


$0,  NR 


$0,  NR 


$0,  NR 


$0,  NR 


$0,  NR 


Table  5.4  Cost  Quotes  for  All  Prototype  Repair  Candidate  C/KC-135  WA¥S  continued 

(NR=not  repairable) 


Type  of  W/WS 
(1-5) 

S/N 

Repar  Vendor 

Cost  of  Repair 

3 

B73-3565 

Perkins 

$0,  NR 

3 

B73-2462 

NORDAM 

$0,  NR 

3 

85-H-01-07-725 

Perkins 

$0,  NR 

3 

O-H-9-1-1140 

NORDAM 

$0,  NR 

3 

B73-2509 

Perkins 

$0,  NR 

3 

5-H-2-16-042 

NORDAM 

$0,  NR 

3 

B73-3955 

Perkins 

$0,  NR 

3 

4-H-10-4-02 

Perkins 

$0,  NR 

3 

4-H-9-18-15 

Perkins 

$0,  NR 

3 

7-H-12-13-67 

NORDAM 

$0,  NR 

4 

4-H-10-15-108 

NORDAM 

$0,  NR 

4 

4-H-10-9-75 

Perkins 

$0,  NR 

4 

4-H-9-28-87 

NORDAM 

$559 

4 

5-H-12-16-47 

NORDAM 

$1,151 

4 

6-H-4-29-50 

Perkins 

$0,  NR 

4 

8-H-2-06-585 

Perkins 

$875 

4 

87-H-04-20-130 

NORDAM 

$954 

4 

7-H-1-25-01 

Perkins 

$0,  NR 

4 

3-H-4-26-45 

NORDAM 

$1,349 

4 

82-H-12-6-392 

Perkins 

$0,  NR 

4 

B75-1149 

NORDAM 

$559 

4 

6-H-12-02-36 

Perkins 

$0,  NR 

4 

85-H-07-01-276 

NORDAM 

$954 

4 

7-H-2-4-35 

NORDAM 

$0,  NR 

4 

90-173-HO-721 

Perkins 

$875 

4 

4-H-10-9-69 

Perkins 

$0,  NR 

4 

4-C-02-12-10 

Perkins 

$0,  NR 

4 

84-H-10-15-1225 

NORDAM 

$1,151 
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Table  5.4  Cost  Quotes  for  All  Prototype  Repair  Candidate  C/KC-135  WAVS  continued 

(NR = not  repairable) 


lype  ofW/WS 
(1-5) 

S/N 

Repdr  Vendor 

Cost  of  Repair 

4 

85-H-07-01-366 

NORDAM 

$559 

4 

85-H-09-02-795 

Perkins 

$0,  NR 

4 

5-H-5-23-84 

NORDAM 

$0,  NR 

5 

4-C-5-16-11 

Perkins 

$0,  NR 

5 

4-C-5-28-16 

NORDAM 

$0,  NR 

5 

4-H-8-30-95 

NORDAM 

$486 

5 

5-H-2-5-75 

Perkins 

$0,  NR 

5 

2-H-12-15-58 

NORDAM 

$0,  NR 

5 

H-30-67 

NORDAM 

$0,  NR 

5 

7-H-10-14-56 

NORDAM 

$1,079 

5 

2-H-6-20-70 

Perkins 

$0,  NR 

5 

2-H-4-24-49 

Perkins 

$0,  NR 

5 

4-C-7-12-22 

NORDAM 

$881 

5 

4-H-8-33-64 

Perkins 

$0,  NR 

5 

5-H-12-5-05 

NORDAM 

$486 

5 

4-C-6-12-13 

Perkins 

$0,  NR 

5 

2-H-6-29-06 

Perkins 

$0,  NR 

5 

3-H-5-23-79 

NORDAM 

$881 

Table  5.5  C/KC-135  New  WAVS  Costs 


Designation 

NSN 

Part  Number 

#1  Pilot 

1560-01-048-1885  FL 

5-89354-501 

#1  Copilot 

1560-01-048-1786  FL 

5-89354-502 

#2  Pilot 

1560-01-009-3320  FL 

5-89355-501 

#2  Copilot 

1560-01-008-7396  FL 

5-89355-502 

#3  Pilot 

1560-00-575-6302  FL 

5-89356-501 

#3  Copilot 

1560-00-575-6297  FL 

5-89356-502 

#4  Pilot 

1560-00-575-6299  FL 

5-71764-501 

#4  Copilot 

1560-00-575-6298  FL 

5-71764-502 

#5  Pilot 

1560-00-575-6300  FL 

5-89358-501 

#5  Copilot 

1560-00-575-6301  FL 

5-89358-502 

USAF  Cost 


$2,582 


$1,445 


$1,479 


$1,372 


$1,078 


Table  5.6  Repair  Cost  Comparison  Data  for  C/KC-135  W/WS 


lype  of  W/WS 


1 


2 


3 


Cost  as  a  Percentage  of  New  Purchase  Price 


Actual 


75 


Based  on  Extremes  of  Estimates,  Actual  Costs,  and  Quotes  from  NORDAM  and 
Perkins  Aircraft  Services,  assuming  a  20-percent  volume  discount  from  Perkins 


Figure  2.1  C/KC-135  WAVS  Identification 


Figure  2.2  C/KC-135  WAVS  Construction 


Figure  2.3  W/WS  Construction  Showing  Location  of  Slip  Planes 


Stainless  steel  Z-channel 

Silicone  gasket 

Aluminum  insert 
Aluminum  spacer 

PR1440  sealant 


H.V.  silicone  bumper 


Phenolic  block 


NESA  coated  surface 

Heat  tempered  outer  ply 


Polyvinyl  butyral 


Heat  tempered 
Inner  ply 


Figure  2.4  C/KC-135  #1  WA¥S  Cross-Section 


69 


Figure  3.2  The  Glass  Doctor  Patented  Technique  for  Repair  of  Delaminations, 

U.S.  Patent  ft  4,780,162 


72 


Figure  4.3  Worst  Optical  Distortion  Found  in  Any  C/KC-135  #1  W/WS 


4  4  .  is  ^  4  .  j  f  ‘  -  -  .  •  • 
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Figure  4.4  Worst  Optical  Distortion  Found  in  Any  C/KC-135  H  W/WS  (S/N  87-H-04-20-130) 


Figure  4.9  Typical  C/KC-135  W/WS  Pressure  Integrity  Test  Set  Up 


81 


82 


Figure  4.10  Typical  C/KC-135  #4  W/WS  Pressure  Integrity  Test  Set  Up 


83 


Figure  4.11  Woi'st  Delaiiiination  Obsen'ed  in  a  C/KC-135  #1  W/WS  From  Pi'essiire  Cycling  (Repaired  W/WS,  S/N  82-H-09-06-537) 


84 


Figure  4.12  Worsf  Deliinl nation  in  a  C/KC-135  M  VV/WS  From  Pressiu^  Cyclii^^  (Repaired  W/WS,  S/N  5-H-12-16-47) 


86 


Figure  4.i4  WWS  Falling  Ball  Fiipact  Tist  Showing  'I'est  Set  Up  aiid  Consequences  of  Two  Ball  Drops 

(New  W/WS,  S/N  86-H-10-06-062) 


Repaired  and  Subsequently  Delaminated  W/WS,  Single  Ball 


88 


.£f 


Drop,  Inboard  View  (S/N  82-II-9-6-537) 


Figure  4.18  #4  W/WS  Residual  Streugtli  Falling  Ball  Impact  Test  Result  for  a  Repairetl  and  Subseq^^^^  W/WS,  Oufboaid  View 

(S/N  5-H-12-16~47) 


S  Residiial  Strenpii  Falluig  Ball  Impact  lest  Result  for  a  Repaired  and 


Figure  4.20  C/KC-135  #1  WAVS  Bird  Impact  Mounting  Frame 


Figure  4.25  lYpkal  Pre-Test  View  of  C/KC-135  #1  W/WS  (Copilot)  Prior  to 

Bird  Impact  Testing 
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Figure  4.26  To  pical  Pre-Test  View  of  C/KC-135  #4  WAVS  (Pilot)  Prior  to  Bird  Testing 


Figure  4.29  C/KC-135  #1  WA¥S  Showing  No  Dam^e  From  a  4-Pound  Bird  Impact 
at  250.8  Knots  (Repaired  WfWS,  S/N  89-286-HO-697) 


101 


Figure  4.30  C/KC-135  #1  WAVS  Stowing  Outtoarf  Ply  Failure  From  a  4-Pound  Bird  Impact  at  251.7 

Knots,  Front  View  (New  WAVS,  S/N  86-H-10-06-007) 


102 


Failiuxj 


Fi<njre  4.32  C/KC-135  #1  WAVS  Showing  All  Glass  Plies  Failed  From  a  4-Pound  Bird  Impact  at  249.4 

Knots,  Front  View  {Repaired  WAVS,  S/N  82-H-10-18-107) 


104 


Figure  4.35  C/KC-135  #4  W/WS  Showing  No  Damage  From  a  4-Pound  Bird  Impact 
at  248.7  Knots  (Not  Repaired  WA¥S,  S/N  4-H-10-9-69) 


107 


Figure  4.36  C/KC-135  #4  W/WS  Showing  Outboard  Hy  Failure  From  a  4-Pound  Bird  Impact  at  247.5 

Knots,  Front  View  (Repaired  W/WS,  S/N  B75-1149) 


108 
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Figm-e  4.37  C/KC-135  #4  W/WS  Showing  Outboard  Ply  Fjiilure  From  a  4-Poiiiid  Bird  Impact  at  247.5  Knots, 

Rear  View  (Repaired  W/WS,  S/N  B75-1149) 


Figure  438  C/KC-135  #4  WAVS  Showing  a  Catastrophic  AM  Glass  Plies  Failure  From  a 
4-Poimd  Bird  Imps^t  at  250.8  Knots,  Front  View  (Not  Repaired  WAVS,  S/N  7-H-2-4-35) 
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Jl  Glass  Plies  Failiuxj  From  a  4-Poiuid  Bird  li] 
ired  W/WS,  S/N  7-11-2-4-35) 


Figiu^  4.40  Spall  K%eet  S  From  a  Catastix)plnc  4-Poiuk1  Bird  Impact  at  250.8  Knots  on  a  C/KC-135  M  W/WS  (Not 

Repaircd  W/WS,  S/N  7-H-2-4-35) 


Figure  6.1  Heat  Strei^thened  Glass  Residual  Stresses 
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APPENDIX  A 

REPAIR  VENDOR  AIR  AGENCY  CERTIFICATES 


I 


n  t  n  mwTt  r'  or 


OfEPARTMtNT  OF  TRANSPOK  i'A  1  ION 
FEDERAL  AVIATION  ADMINISTRATION 


^ir  Certificate 


'£/)<'  EZ22812K 


^A^x>&7‘£i^/>cc£&ydi'.ciicce<^yCo/ 
NORDAM  TRANSPAJRANCIES  DIVISION 

510  S-  LANSING 
TULSA,  OKLAHOMA  74120 


M^iow  //hcU?  yeti'  jOO'^ea/ru^eztean'  xxyn't^i/cei'  yC9i/  jo//'  /i<€6.^iecti' 
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x«ctA/'/Aye'^>ll<>c(fl7t^/xa£c/n^ 

LIMITED  -  SPECIALIZED  SERVICE 


xy€'?'^:^cat&,  xMzleM' xxz'TvcelecO,  M£6/iendect,x9‘'/yewJc^^ 

/iAxtlt  XX)Ot/MTX/X' yen' INDEFINITELY 


.xlot‘^oUor%x  /Aye' S^eCnvi'nxdXtvidCox^ 


/MxxxjxA  .* 
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HAROLD  D. 
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UNITED  STATES  OF  AMERICA 

department  of  transportation 

FEDERAL  AVIATION  ADMINISTRATION 


-Repair  Station  ©pErations  ^pEcificatiDns 


^^TrvUcUiooU': 

EZ22312:< 

jC/uy  ^MoAyon^  : 


LIKITED  RATING : 
Specialized  Service 


Traiisparency  inspection 
accordance  with  Aircarr^ 
Orders,  O.S.M  Hanuals,  an 


and  reparr  in 
:er  Engineering 
d  NR  OiOI-301. 


I\0! 


.tr 


July  3,  1990, 


PAA  Form  8000-4-i  H-T3» 


/{Ljks^-  ■ 

ROY  G.  WIEDEN _ _ _ _ 

“  principal  matntenance  inspector 

A  i-oMM  >««•»  •'  A5>W— I'SDO— IT) 


A-2 


UNITED  STATES  OF  AMERICA 


DEPARTMENT  OF  TRANSPORTATION 
FEDERAL  AVIATION  ADMINISTRATION 


^gencp  Certificate 

^^cc/m^e/y'  jkqr257L 


^vcA' ycevic^cate' /iiued/ 

PERKINS  AIRCRAFT  SERVICES,  INC. 

5001  NORTH  FREEWAY,  SUITE  B 
FORT  WORTH,  TEXAS  76106 

M/to'>v  ^'ndcn^/  //va,^  /yei^teclS' 

/lAc  /ye(^^u/ye'}7%e')vli' .^te/  ^edeyccl'  S^'mcl^cotv 

/yelaCm.^'  ,io'  //ve-  xtyid'  /tA' 

yCAyt^i^tmeyecO yCo' x>fi^yaXe- yz/yi' .a^fiyoTte^  Repair  Station; 

mUA/  /i/v&  /yaCiin^': 

LIMITED  SPECIALIZED  SERVICE  (10-08-93) 


^A^'  y>&yCc^<xc,te-,  M/nAe^A'  /xunceAecO,  AuA^ieTidecC'  />y' /yev/iAeci', 
aAxlU' /:y)Av£Anco&  ycri' indefinitely. 


aUuc<A  / 

May  2,  1991 


^cCimecCiofV  iC^  /Ac  S^mCrusCftt/t/^^ 

"^^m^3riD?^obinson 


This  CcrtilUQtt  ts  not  '&ansfcrablc,  and  amt  hamr  ouirc  in  the  usic  FACturiEs.  m  in  tme  iocation  tmcneof. 

SKAU  K  IMMCOIATaY  ftCfOinni  TO  THE  ATFROnilATE  RECIOKAL  OmCC  OF  THE  FCKIAL  AVIATION  AOWNOTNATION 


Any  alteration  of  thUcerdfioate  is  punishable  by  a  fine  of  not  exceeding  or  imprisonment  not  exceeding  3  years,  or  both 


FAA  F«nn  8000-4  (1-67)  SUPERSCOCS  FAA  FORM  390. 


UNITED  STATES  OF  AMERICA 

DEPARTMENT  OF  TRANSPORTATION 

FEDERAL  AVIATION  ADMINISTRATION 


‘Repair  Station  0perationB  Specifications 


S&9ru/a/t09u 


JKQR257L 

LIMITED  RATINGS: 


i' !  /a- 


SPECIALIZED  SERVICE 


Repair  of  aircraft  windows, 
transparent  enclosures ,  structural 
and  non- structural  composite  panels, 
cores,  flaps,  ailerons  and  radomes. 


Above  repairs  will  be  performed  in 
accordance  with  aircraft  manufacturer  s 
repair  procedures,  air  carrier  approved 
instructions • and  Perkins  Aircraft 
Services,  Inc.,  Process  Specification 
ppsOOOl,  Revision  A,  dated  09-15-93, 
as  revised. 


Qle/e^ateclr 


NONE 


October  8,  1993 

PMI,  FTW  FSDO 
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UNITED  STATES  OF  AMERICA 

DEPARTMENT  OF  TRANSPORTATION 
FEDERAL  AVIATION  ADMINISTRATION 


^gemp  Certificate 

OX4R430M 


.cey-(c^ca,te' iS'  ^ti  ect/ -io' 

THE  GLASS  DOCTC« 

2390  26th  AVENUE  NC»TH 

St.  Petersburg/  Florida  33713 

u/iotv  .^i'n.dinfj/  d/iad  co7n/ilieA  .cn'  ya/l  .‘t^es/iec^ 

,t&c/A' dAe'  -'>‘e<^MC'ye‘?ne'n/i' .c^ d/ie'  ^ede't^ccA  S^tdctCiovi'  ^^^^icicctio'nS 
/y^ictfcot^'  '(o'  dAc  ^iciAAisAw.e'yif'  .c^  4vn,  S^(/y'  AZ/nd  zA' 

^znfioiaeyed  ,tb' -cfieoca^e’ zzw  ctfifioto'^ed  repair  station 

milA'  dAc'  AAAcadna,'  : 

LIMITED  -  SPECIALIZE  SERVICE 


^Ad  .ce')(t<Adate;  zcnAeii  .ca-nce/ed;  Mtifiended,  ,ox' /t^'vioAed'. 
sAicdLcmU6rLic&  .in'  .e/fecd  INDEFINITELY 

^i^loyv  dAtr  S!^TndnAi£t>aAo'ti’ 

^aAo'  zi4««^  -■  - 

September  27,  1979  William  J.  Truebe,  Manager _ 

Replacement  May  1/  1990  North  Florida  FSDO-15 

'this  CfTtificatt  is  nor  Traiufcrablr,  anp  amt  makw  chamce  w  the  basic  facilities,  om  m  the  locatiom  thereof, 

SHALL  BE  millEDIATlLT  REfORTED  TO  THE  AfPROPRIATt  RE6I0IIAL  OFFICE  OF  THE  FEDERAL  AVIATION  ADMINISTRATION 
clltralio^  of  this  cerlificale  h  punhhcbU  by  a  fino  of  oot  ^xcording  tl.OOO,  or  impri/onmenl  not  o^ceoding  3  y«r/.  or  both 
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UNITED  STATES  OF  AMERICA 

DEPARTMENT  OF  TRANSPORTATION 
FEDERAL  AVIATION  ADMINISTRATION 


TRepair  Station  ©ptrations  Specifications 


^ OX4R430M 

LIMITED  RATINGS: 


I*  /ifnZied’  /o' 


SPECIALIZED  SERVICE 


Refurbish  and  repair  aircraft  plastic  and 
glass  windows,  windshields,  canopies, 
navigation  light  lenses,  and  other 
miscellaneous  small  transparencies ,  including 
nicks,  chips,  delamination,  electrical  busses 
and  temperature  sensor  installation. 

All  inspections  and  rework  will  be 
accomplished  in  accordance  with  the  following 
data  as  applicable  to  the  unit  being  worked. 

Aircraft  Manufacturer ' s  Maintenance  Manuals/ 
Instruction . 

FAA  Approved  process  Specification,  #1979 
Cabin* and  Cockpit  Windows  dated  12-31-84 
(as  amended). 

Air  Carrier's  Approved  Specifications. 

FAA  Advisory  Circular  43.13-lA,  Acceptable 
Methods,  Techniques,  and  Practices, 

Chapter  9.  windshields.  Enclosures  and  Exits. 


.OM/Ziovi/iei' :  NONE 


May  1/  1990 


FAA  Form  8000-4.1  (t.79) 


S/lcCm/niAivado'O'  : 


Principal  Maintenaince  Inspector 

FORMERUY  FAA  FORM  3«O.I  PAGE  2 

Page  1  of  1 


A-6 


APPENDIX  B 

GENERAL  INSPECTION  DATA  SHEETS 


This  page  intentionally  left  blank. 


I 


KC-135  Transparency  Review  Data  Sheet 
Pllot/Co-Pllot  Main  Windshield 


Customer'  Part  Number: 
Unit  Serial  Number; 

'Bus  to  Bus  Resistance: 

Thermal  Image: 


-o(,' 

Acc/Rej  Da 


Inspector 


Ohms 

3^7 


S.E.  Resistance: 

Insulation  Tesh'^f-' Power  to  S.E.: 
(2500\VAC);.;,-:i7'‘-''''  S.E.  to  Metal: 

'  ■ :  _  ■  S.E.  to  S.E.  ;■ 

Nesa  Scratch  Test  (350  VAC)  :  ■' 

Light  Transmittance: 

Haze : 

Photo  (Single  Exposure) : 

Deviation  inspection: 

(German  Light  per  Ten^jlate) 

1:  0  2-.  Hid  2:  /,d  ‘ 

S-.hb  '  6:  j(.c’  l-.l.D  i 


•  Dimensional  Inspection; 


Unit  Thickness: 
(Per  Template) 

\-.IMo  2:/J^ 

S-.IJDJ,  6: 

9  -UIqS  -10 


'JUL 

TToT 


1 

11 


um 


lUL 


Seal  Evaluation: 
(Comments)  _ 


iZ^'(i37i 

SZO'dUiS 

MAVa5l993 

22  Pf8  W 

4 

MAY  2  5  1993 

■<3 

MAY  2  5  1993 

22  pPG 

/-/ 

MAY  2  5  1993 

22  PPG  77 

MAY  2  S  1933 

22PPE4 

22P.PS2Z 

Hi6> 

2ZP.P.G28 

1103 

hlo3 

hldd 

JUN  02  1993 

22  PPG  n 

Visual  Inspection: 

(Place  comments  on  attached  sheet) 


JUN  021S33 


B-2 


i. 


Check  for  vinyl  cracks 


Tliicicness  Teit^Jlace 


B-3 


I 


Check  for  vinyl  cracks 


,  f  /3tA- 


Thickness  Teinplate 


B-5 


I 


Kr!-135  Transparency  Review  Data  Sheet 
Pilot/Co-Pilot  Main  Windshield 

Customer  Part  Number: 

unit  serial  Number:  /O—  OL^  0/3 

Acc/Rej  Date 


Bus  to  Bus  Resistance: 


111 


Ohms 


Thermal  Image : 

S.E.  Resistance: 

Insulation  Test: 
(2500  VAC) 


3lf 


Power  to  S . E . : 
S.E.  to  Metal: 
S.E.  to  S.E. : 


Nesa  Scratch  Test  (350  VAC) : 
Light  Transmittance: 

Hare: 

Photo  (Single  Exposure) : 

Deviation  Inspection: 

(German  Light  per  Template) 

'i.'.  fO.K'  2  :  3^-0 3  : 

5  :  ! ,  C  6:  1 1  0  ^  ^ 


iflA'  25  133^ 


Inspector 

22PP3  2S 


gP.?G 


tb 


iz  pP)i  it, 


WAV  25 1993  22PPa’’ 


Wft'^251993 

_  way  l  ■  1§S3 

b-^-93  maze 


4:  hX) 
8  !  P t;b 


.L  pP*  3* 
22  PPG  4 


Dimensional  Inspection: 
Unit  Thic)aiess: 


-.1.110 

2 

l./06_ 

2-.  I'O^d  4 : 

-.uofi. 

6 

l‘Q‘^ 

l-.LOfti-  8: 

10 

Loll 

12: 

Seal  Evaluation: 
(Comments)  _ 


d’e,:'- 


LnM. 


/■  of  S' 


visual  Inspection: 

(Place  comments  on  attached  sheet) 


fhdu 


JUN  02  wyj  22PPG77 


JUNo2ia33  22PPG77 


B-6 


Deviation  Template 


I 


KC-135  Tfangriarencv  Review  Data  Sheet 
Pilot/Co -Pilot  Main  Wlndshleli? 

Customer  Part  Number:  £ ~  ^  3  S  ^  ^ 

Unit  Serial  Number:  ^ ^  /  Q~  ^  — 

Acc/Hej  Pate 

/)  . 

Bus  to  Bus  Resistance: 


Inspector 
82.3d'</Z? 


Thermal  Image: 

S.E.  Resistance: 

Insulation  Test: 
(2500  VAC) 


Ohms 

3!^ 

Power  to  S . E . : 
S.E.  to  Metal: 
S.E.  to  S.E. : 


Nesa  Scratch  Test  (350  VAC) : 
Light  Transmittance: 

Haze: 

Photo  (Single  Exposure) : 

Deviation  inspection: 

(German  Light  per  Template) 
l:-Z,g  2:  3:J^ 

S\  !  if)  6  :  £>!  i  1  •.  ! !  Q 


C'  *-! 

82  ^ 

22P.FG2S 

,iirt  1  2  5 

2Z  PPfi  ^ 

mat  25  wa3 

22  pP6  Tt 

f'A’f 

MAY  2  5  ^993 

22  PPe  77 

III 

MAY  2  5  1993 

22  PPG  77 

m2  8  1993 

22  PPG  4 

S-M-'93 

?  j;..  77 

8:  ZiO 


Dimensional  Inspection: 


Unit  Thic)cness: 
(Per  Ten^jlate) 

2:i, 

6 

10 


3: 


'J-LIAI.  8 
LiM  11:  /-gfZ  12 


LAojL 


Lm. 


Seal  Evaluation: 
(Comments)  _ 


JUN  0  2  1993  22  pPg  77 


visual  Inspection: 

(Place  comments  on  attached  sheet) 


JUN  02  1993 


22  pPo  T! 


B-8 


Thiclciiess  Template 


I 


KC-135  Trananarencv  Review  Data  Sheet 
PxlQfc/Co-Pllot  Main  Windshield 

Customer  Part  Number:  ^9^  S  ^  —  3  ^ — 

Unit  Serial  Number:  7- 

Acc/Rej  Date 

Bus  to  Bus  Resistance: 


Inspector 


Thermal  Image: 

S.E.  Resistance: 

Insulation  Test: 
(2500  VAC) 


///<  <9  Ohms 

Power  to  S . E . : 
S.E.  to  Metal : 
S.E.  to  S.E. : 


Nesa  scratch  Test  (350  VAC) : 

Light  Transmittance :  7  ^ 

Haze:  '  ^ 

Photo  (Single  Exposure) : 

Deviation  Inspection: 

(German  Light  per  Template) 

1:  -^,0  2:  g  3://g 

S-./.d  e:LV_  7:  Z'l) 


-.t/3 


4:J 


K  I  ^ - 

:jg^.EPG  2S 

■ 

Krl\-^3 

22  PF'  2S 

041993 

22  PPft  H 

i 

JUN  0  9  1993 

fc.VJjS 

A' 

JUN  Os  1993 

JllN  1)  9  1993 

iV  m  3i) 

■V - 

umi  41993 

■^PPGS 

/r'U>-93 

8:  />d 


Dimensional  Inspection: 


Unit  Thic)aiess: 
(Per  Template) 

l:hlOt.  2:hm^ 

5:/.//?3  6  :  /./gjL- 


3-.J,l0  0 


^■imL 

8:  hlOy 


JUN  041993 


22  PPG  23 


22P?8  wa 


9:  ;,/02.  10: 11:  12:ZS 

Seal  Evaluation:  ^  ^ ^ ^ - 

( Comment s )  7^  <» 

<eAyf-frL  UrO}~A. _ _ _ _ 


Visual  Inspection: 

(Place  comments  on  attached  sheet) 


JUN  041993 


TzpHn 


B-10 


Check  for  vinyl  cracks 
Visual  Inspection  Map  &  Comments 


/^liLy  LuA7(^  / 

Ujfie<^  ... - 


Thickness  Template 


Q)lioy 
q)iW^ 
©fo 


KC-135  Tranaparenev  Review  Data  Sheet 
Pllot/Cn-Pllot  Main  Windshield 


Customer  Part  Number: 
Unit  Serial  Number: 

Bus  to  Bus  Resistance: 

Thermal  Image: 

S.E.  Resistance: 


Acc/Rej  Date 


Inspector 


Ohms 


Insulation  Test: 
(2500  VAC) 


Power  to  S.E.; 
S.E.  to  Metal : 
S.E.  to  S.E. : 


Nesa 


Scratch  Test  (350  VAC) : 

Light  Transmittance: 

Haze:  ,  ^ 

Photo  (Single  Exposure) : 

Deviation  Inspection: 

(German  Light  per  Template) 

1-.Al£_  2:2  ^-IlL- 

5:  Z.X)  6:  /./),_  I-JLSL- 


Dimensional  Inspection: 


Unit  Thickness: 
(Per  Template) 

5:f.  m  6: 

S-.LMJL  10 


Seal  Evaluation: 


4:  \,l(n> 

_ _ 


jjadaZZ 

2i!F,G28 

JUN  041993 

ap^  77 

- 

k 

JUN  0  9  1S93 

»?r3jS 

JUN  0  »  1993 

A' 

JUN  0  3  WM 

O.  ri"'* 

ails 

^PP08 

X-7J,'9'3> 

gZOd'dZZ 

QiS— 

JUN  041993 


22  pP«  Vi 


n:  I  _ _ _ — 

(Comments)  y'2? _ le. _ 


visual  Inspection: 

(Place  comments  on  attached  sheet) 


JUN  041993 


22  pPa  n 


B-12 


Customer  Part  Number: 


Check  for  vinyl  cracks  /^^jPN041993  ,,  pP,  n. 


visual  Inspection  Map  &  Comments 


B-15 


I 


KC-135  Trangparencv  Review  Data  Sheet 
Pilot/Co-Pllot  Main  Windshield 

Customer  Part  Number: 

Unit  Serial  Number:  ~  Y3_L - 


Bus  to  Bus  Resistance: 

.  y  Ohms 

Thermal  Image: 

S.E.  Resistance: 

Insulation  Test:  Power  to  S.E.: 
(2500  VAC)  S.E.  to  Metal: 

S.E.  to  S.E. : 

Nesa  Scratch  Test  (350  VAC) : 

Light  Transmittance: 

Haze: 

Photo  (Single  Exposure) : 

Deviation  Inspection: 

(German  Light 
l:  2: 

6: 


per  Template)-^^ 

rL,d  4: 

'J-Xl0_  8: 

l.L. 


Acc/Rej  Date  inspector 


9=^ '93 

SZSd'JZ' 

(2c<iy, 

S'3H-93. 

^EP(128 

MAY  2  5  1993 

a9?tV 

MAY  25  1993 

22  PPfi  77 _ 

MAY  2  5 1993 

??  pP<  73>. — 

/  % 

MAY  2  5  1993 

22PP«  W 

MAY  2  S  1993 

22PPG2S 

ZjA 


Dimensional  Inspection: 


Unit  ThicJaiess: 

(Per  Teit^slate) 

2-.hO$P 

S-UMl  6: 

10 


■).  C/,  T 


1,0^^ 


I-.U^ 

■lx-.JjMA- 


Seal  Evaluation: 
( Comments )  _ 


n-.  1,0 1,3 

/U^ 


^-2H-93 


JUN  02  1993 


|2fF22: 


22  PPg  J7 


Visual  Inspection: 

(Place  comments  on  attached  sheet) 


JUN  0  2  1993  22  pPs  77 


B-16 


Check  for  vinyl  cracks  ^-3~  ^  77 


Thickness  Template 


B-17 


Customer  Part  Number: 


'SO  J 


Unit  Serial  Number: 


Acc/aej 


Bus  to  Bus  Resistance: 


JiSQ^Oims 


Date 

S-:^-93^ 


Inspector 
22P.r3  28 


^Thermal  Image: 

.^S.E.  Resistance: 

Insulation  Test:  Power  to  S.E. 

(250  0  VAC)  S.E.  to  Metal 

S.E.  to  S.E.':' 

Nesa  Scratch.  Test  (350  VAC): 
Light  Transmittance:' 

Haze: 

Photo  (Single  Exposure) : 

Deviation  Inspection: 

(German  Light  per  Template) 

1:  ^.<9  2:  ■?<  d)  3:  P 

Q,S-  T--LJL 


S_-S'93  jmiL 


r  -  “  _  T  < 

may  2  5  1993 

22  pP5  H 

MAY  2  5  1993. 

22  pp6  Tf 

MAY  2  5  1993 

22  pP8  JJi 

MAY  2  5  1993  i 

2Z  ^ 

MAY  2  6  1993 

22?P24 

-T^  2^ 

'i.'b 

8:  d 


Dimensional ,.  Inspection : 


^  Unit  Thic)aiess: 

(Per  Template) 
X-.I.IO^  2:  hlOif 

s-ubV  i-.hJM- 

9:AZM_  XOihlsSl 

Seal  Evaluation: 

( Comment  s )  _ 


,  3:/./ai: 

l-.UlM- 
11:  Llt>^ 


4 

8 

12 


-93 


1,1  o3. 


UM. 


(L 


JUN  0  2  1993  22  pPs  Tti 


fjj  R  ^ 


Qyftiy^  Stji 


Visual  Inspection: 

(Place  comments  on  attached  sheet) 


JUN  021933  22  P?8r7 


Check  for  vinyl  cracks  p±_ 

Visual  Inspection  Map  &  Comments 


_ A-U- _ ^  l-(7  fs.  -e 


Thickness  Template 


Customer  Part  Number: 


Thickness  Template 


I 


KC-135  Tranaparenev  Review  Data  Sheet 

Pllot/Co-Pllot  Main  windshield 


Customer  Part  Number: 
Unit  Serial  Nimber: 

Bus  to  Bus  Resistance: 

Thermal  Image; 

S.E.  Resistance; 


5  -^  STo) 

Acc/Rej  Date 


Insulation  Test: 
(2500  VAC) 


Power  to  S.E.: 
S.E.  to  Metal : 
S.E.  toS.E. : 

*  tU'  |l 

Nesa  Scratch  Tes?t'^(350  VAC)  ; 


Light  Transmittance: 
Haze: 

Photo  (Single  Exposure) 


IHi- 


Deviation  Inspection: 

(Gertn^  Light  per  Template) 

1:  /^rA"  2:  I,  d 

5:  2.f)  6  :  /  -T  7:JjD__ 


Inspector 


/i.i,  I  Ohms 

3/2- 


s-^-n 

■gf  ti  d  d  Zt 

s 

JUN  04  1993 

22  pPS  77 

JUOOs  )993 

22r?3  jS 

JUN  0  si  I99i 

JUN  0  si  IS93 

jtiVo  jS 

JUU141993 

ir'^lp'93 

.  2ZP.P0  2& 

4:  /‘H. 
8:AlL- 


Dimensional  Inspection; 

Unit  Thickness; 

(Per  Ten^jlate) 

1:1. /lU  2:  l.ITJj  ■ 


h  12^ 


6 

10 


/■  I'LO 


J.  1X7-  11:  i.  1 11  12 


4:ZiiH 

■  hid. 


QeiS 


04<|S 


Seal  Evaluation:  —  fTT - 

(Comments) 


23^ 


visual  Inspection: 

(Place  comments  on  attached  sheet) 


JUN  041933 


82  pPt  n 


B-22 


Tcr-i:??;  Transnarencv 

Ravi aw 

Data  Sheet 

Pilot/Co-Pilot  Main  Windshield 

Customer  Part  Number:  ^ / _ 

^n■i^  Serial  Number:  ^  ^ - 

f^/f~ 

/■Tf 

Bus  to  Bus  Resistance: 

yVA,?-  Ohms 

Thermal  Image: 

S.E.  Resistance:  3/3 

Insulation  Test:  Power  to  S.E.  : 
(2500  VAC)  S.E.  to  Metal: 

S  P  t-n  S  E  •  _ 

Acc/Rej 

Date 

Inspector 

22  PPG  28' 

f:-^d-93, 

22L°528 

JUN  041993 

22  PPG  77 

-  ^  Fu/P 

C^-rat-rh  f350  VAC)  : 

jun  0 »  1S93 

■&  PP3  39 

Light  Transmittance:  7  ^  ^ 

.  7 

Haze :  ' 

Photo  (Single  Exposure) : 

Deviation  Inspection: 

(German  Light  per  Template) 
l:  ii.,C  3:  hd  4 

A 

JUN  0 »  1S93 

JUN  0  »  l!93 

JUN  14 1993 

22pPGr3 

: 

5:h/J  6:/)'6'  7:^3  8 

Dimensional  Inspection: 

Unit  Thic)cness: 

(Per  Template) 

1:  1.10%.  2:  1.099  3:A/<J2-  4 

5-.  1,10%.  e-./.iol.  T-I,ID7^  8 

9:/, 102.  1.0:1.10^  llil’IOl  12 

Seal  Evaluation: 
fCnmmenrsl 

'22PPG2r 

hid  / 
l>/62. 
hlOD 

fp£^ 

JUN  0  4 1993 

22  PPc  7  f 

't* - 

/V-e-J  S  t!  or/’'/  X-C 

:rc>o  s--'  2-!- 

- -  7 

Visual  Inspection: 

JUN  C  4 1993 

/•  ^  'f!  y.** 

(Place  comments  on  attached  sheet) 


B-24 


ThicSoiess  Teniplate 


I 


Trp-135  Tranatiaranev  Reviav  Data  Sheet 
pilQt/Co-Pllot  Main  Windshield 

Customer  Part  Number:  _ if'  ^  V — - - 

unit  Serial  Number:  ^  /ii-' 

Acc/Hej  pate 


Bus  to  Bus  Resistance: 

^7,^  Ohms 


Thermal  Image: 

S-E-  Resistance: 

Insulation  Test: 
(2500  VAC) 


^0-^  ■ 

Power  to  S.E.: 
S.E.  to  Metal: 
S.E.  to  S.E. : 


a. 


MAY  25  1993 


Nesa  Scratch  Test  (350  VAC) : 
•Light  Transmittance: 

Haze  : 

Photo  (Single  Exposure) : 

Deviation  Inspection: 

(German  Light  per  Template) 

■L-.J2-S- 

S:h.<  6:/-  T)  _  7:.£^ 


-  - 

.  MAY  25  1993 

^(,.3  MAY  2  5  1993 
1,4,  MAY  2  5  1993 
V!2'Y  Z  5 


/7rf^ — 


Inspector 

22P.PS2S 

g.,£E,<iZ5 

22P.rG28 

22  pPSV 


22  PPG  77 


n  PP8  77 
22PPS77 

Z2PPG4 
82  3??  2? 


'4:  hi) 

8;  0,  -T  - 


Dimensional  Inspection: 


unit  ThicJoiess: 
(Per  Ten^jlate) 

7.-.]jd7  2-.WM. 

s-jMT  &-udJL 

S-.ijjlL.  10:Za1£I 


Seal  Evaluation: 
(Comments)  _ 


3  :  /,09/  ,  4:j!Jf£^. 

7:l,pf6  ■  ^-LlQU. 

llildill  12:/.pgZ. 

■  ■ 


JUN  021993  22PPS77 


visual  Inspection: 

(Place  comments  on  attached  sheet) 


/h^ 


JUN  02  1993 


m  f>?s  77 


B-26 


Deviation  Tenolate 


arencv  Raviaw  Data  Sheet 


Customer  Part  Number. 
Unit  Serial  Number: 


BUS  to  Bus  Resistance: 

.%4>/y  Ohms 

Thermal  Image : 

S.E.  Resistance: 

insulation  Test:  Power  to  S.E. : 
(2500  VA.C)  S.E.  to  Metal: 

S.E.  to  S.E. : 

Nesa  Scratch  Test  (350  VAC)  : 
Light  Transmittance: 


o?o  - 

Ace/Sej  pats 


'10-^3 


irAiZi 

22PfG22 


MAY  2  5  1993  jB  PPG  77 


MAY  2  5  1993 


MAY  2 5  1993 
/  -^  MAY  2  5  1993 


Photo  (Single  Exposure)  :  - 

Deviation  Inspection:  . 

(German  Light  per  Tenrolate) 

l:_£^  2:^  3:^  4:^ 

Pi  mpTisional  inspection- 

Unit  Thickness;  _ 

(Per  Template)  -  '  ,  i  nnk 

l>-.h3S2-  4:ii££5^ 

sirffv  7:(.oW  8:A^ 

3iLJ112.  3.0:  (.o'?  7.  1^-.h0f± 


22  PPG  28 


MAY2  3  1S93 


22EFG  28 


Seal  Evaluation: 
(Comments)  _ 


/  I  f/  /,  T  *  •  f  »  ,  —  '  ■  f' 

/Gt/»  ®  ^  <^2  Ppd 

Lon:  —  - - 


Visual  Inspection: 

(Place  comments  on  attached  sheet) 


JUN  02  1993  g  ” 


B-28 


;s 


iwi  -•  —  ■  r  '  '  ~ 


rvirgkness  Teniplate 


©  \ 

(DiOii^  \ 

0)1  <^u6n 

0/.C)?5  ©AO?-^, 


Deviation  Template 


I  • 


TTC!- 135  Tranaparenev  Review  Data  Sheet 
Ptlofc/Co-Pllot  Hain  windshield 

Customer  Part  Number:  3  5* — 

Unit  Serial  Number:  Q  ~~  Q— - 


Bus  to  Bus  Resistance? 


Thermal  Image:  -  r  ‘ 

S.E.  Resistance:  ^ 

Insulation  Test:  Power  to  S.E.: 
(2500  VAC)  S.E.  to  Metal; 

S.E.  to  S . E . : 

Nesa  Scratch  Test  (350  VAC)  : 
Light  Transmittance:  _  ..  . 

Haze : 

Photo  (Single  Exposure)  : 

Deviation  Inspection: 

(German  Light  per  Template) 

1;  oii  2:  0  ■ 


Acc/Rej  P?tg 


22  PPG  2? 


KP.PG2? 


MAY  25  1993  22  PP»  W 


S^(L  MAY  2  5 1993 
MAY  25  1993 
Av3  MAY  2  5  1993 


way  8  G  ’S®?, 


22  PPG  77 
22  PPG  Ti 
22  PPG  77  - 

22?PG4 

S,£PG2S' 


4:  D 


5:  n,  <' 


6:  LO 


li  ltd  8:  'Ll 


Dimensional  Inspection: 

Unit  Thickness: 

(Per  Template)  , 

xiMpl  2-Ju2m-  ■  Jr 
SiTfT.  7: 

Seal  Evaluation: 
(Comments)  _ 


■22EPG  28 


12:/, /gg 

^  JUN  021393 


22  pPS  77 


ClAA^  JUN  0  2 1393  ,2  n 

visual  Inspection:  .  •  - - -  - - 

(Place  comments  on  attached  sheet) 


B-30 


I 


Tbi-cJciess 


Ten^late  . 


B-31 


Kg -13 5  Transparenev  Raviaw  Data  Shaet 
t^^^nt:/Co-PllQt:  Main 


Cuscomer  Part  Number: 
Unit  Serial  Number: 

Bus  to  Bus  Resistance: 

Thermal  Image: 

S.E.  Resistance:  i 


9^  -  /  6-  f)  4  ^  0 

JLcc/Rej  Date 


ohms 


3  0^ 


Insulation  Test: 
(2500  VAC) 


Power  to  S 
S.E.  to  Metal: 
S.E.  to  S.E. : 


k 


Nesa  Scratch  Test  (350  VAC)  : 
Light  Transmittance: 

Haze: 

Photo  (Single  Exposure) : 

Deviation  inspection: 
(German  Light  per  Template) 

2-.2JL— 

5:^..r 


JA. 


4: 

8; 


Inspector 

823*22 


r-xuA--. 

MAY  2  5  1993  22  pPa  ^ 


22  PPS  77 


MAY  2  5  1993  _ 

.  n  1  MAY  2  5  1993  ^  ^ 


MAY  25  1993  22  pPs  77 

22  PPG  4 


Dimensional  Inspection: 


Unit  Thic)aiess: 

ifah 

/,  //,?  10:  /./^jT  ll:f  12:JfJ_£^ 


Seal  Evaluation: 
(comments) 


JUN  0  2  1993  22  pPc  77 


Visual  Inspection: 

(Place  comments  on  attached  sheet) 


JUN  021993  2L^77 


B-32 


■"  TVi-i  rtaiess  Tenplate 


B-33 


•gr-lBS  TT-aTiflparQnev  Raviev  Data  Sheet 

Y^^nfc/Co-PilQt:  MalT^  Windshield 


Customer  Part  Number: 
Unit  Serial  Number: 


C-  75-V-  rb ! 

B-  M-  T-  / 


Bus  to  BUS  Resistance: 

Thermal  Image : 

S.E.  Resistance: 

Insulation  Test: 

(2S00  VAC) 


Ace/Rej 


if),U  Ohms 


3/^ 

Power  to  S.E.: 
S.E.  to  Metal: 
S.E.  to  S.E. : 


Date 

Inspector. 

r-)9-9Z 

IS?  US’S 

.9-9M-93. 

22EPG28 

Nesa  Scratch  Test  (350  VAC)  : 
Light  Transmittance: 


Haze: 

Photo  (Single  Exposure) : 


Deviation  Inspection: 
(German  Light  per  Ten?)late} 


_ 

IM-  _ _ 

A/  _ _ 

m  2  »  T993 

4:  /■  /:> 

6:3.^  • 


22  PPG  4 
.22PJG2S 


Dimensional  inspection: 

Unit  ThicJQiess: 

(Per  Template)  _ 

2:  3 

hdb"  6:  i-OO'k  7 

10:  i>0^rL  11 


Seal  Evaluation: 
(Comments)  _ 


■  4:  A/^j? 

8:  Lf/.d 
12:/'./?f  7 


e 


^PP'.-y9 


jUN  0  2 1-93 


pPS 


visual  Inspection: 

(Place  comments  on  attached  sheet)- 


JUN  02  1993 


22  PP4 


B-34 


Xtiickness  Tentplace 


I 


T-raT»«»pai*ft«ev  Roviow  Data  Shea^ 

"  P^^Qt:/Co-Pllat  Main  Windshield 

Customer  Part  Number:  .S"—  ^  f  — 

Unit  Serial  Number: 


Bus  to  Bus  Resistance: 

Thermal  Image : 

S.E.  Resistance: 


\-dt3 


Insulation  Test: 
(2500  VA.C) 


Power .to  S . E . : 
S.E.  to  Metal: 
S.E.  to  S.E. : 


Nesa  Scratch  Test  (3S0  VAC)  : 
'Light  Transmittance: 

Haze: 

Photo  (Single  Exposrire)  : 

Deviation  inspection: 
(German  Light  per  Ten^jlate) 
■L- 'l.D  2:  Oi.n 

5: 


a - c-^ — 

Acc/Rej 

pate 

Insoector 

jRl5<rdZZ 

i^h/* 

.22EP.G22 

MAY  2  5  1993 

22  pP®  77. 

MAY  25  1993. 

22  pP®  72- 

^  ■ 

j*5!)/  ■7 

MAY  2  5 1993 

22  pP®  71 

/,D 

MAY  25  1993 

22  pP6  77 

tMff  *  * 

22PPG4 

.4;  }<iL 
8;  1^0 


Dimensional  Inspection: 


Unit  Thickness; 
(Per  Template) 


j2C- 


fr-aM-‘93 


83  E<ft!  7Z 


iWlidS  tiS.  r&f- 

vi-tMi. 


Seal  Evaluation: 
(Comments)  eCJ/lnAj  ^ 


JUN  0  2  1993  ^  22  PPa  ” 
c-jOt  - - 


visual  Inspection: 

(Place  comments  on  attached  sheet) 


JUN  02  1993 


22>?fl  n. 


B-36 


Tliickiiess  Template 


B-38 


Deviacion  Ten^late 


B-39 


I 


irr-’[‘i5  Tranaparenev  Review  Data  Sheet 
0-1 1  n^/ga-Pilot  Main  windshield 

Customer  Part  Number:  ^ -T  ^  /- 

Unit  Serial  Number:  ^  — 

Ace/Sej  Date 

Bus  to  Bus  Resistance: 


Thermal  Image : 

S.E.  Resistance: 

Insulation  Test: 
(2SOO  VAC) 


Ohms 

- 

Power  to  S.E. 
S.E.  to  Metal 
S.E.  to  S.E. : 


Nesa  Scratch  Test  (350  VAC) ; 
Light  Transmittance: 

Haze : 

Photo  (Single  Exposure) : 

Deviation  Inspection: 

(German  Light  per  Template) 

l:  3:^ 

5:  {l.Q  6: 


friv 


'i-.Jtl. 

8: 


Dimensional  inspection: 

Unit  ThicJaiess: 

(Per  Template) 

I.n9‘{  ^■UL>  7 

10  -MSI 


/,  /(>X 

hJJS. 


4:  hP?'^ 
8:/./,v) 
12:  l.lOl 


my  e-5  ro 


ingpector 

'iZDddZZ 


Seal  Evaluation: 
(Comments)  //) 


g!£?G28 

22  PPG  77 


22 


pP6  1»' 


MAY  2  5  1993  22  pPg  77 


MAY  25  1993 


S.  119-93  22PPc.2^ 


23  PPG  4 .  veiO 


22PJ’G  28 


JLIN  0)^  22  PPg  77 


Visual  inspection:  . 

(Place  comments  on  attached  sheet) 


JUNo2Wa3  22  f?®77 


B-40 


Check  for  vinyl  cracks 
Visual  Inspectioa  Map  &  CuMnents 


Tiu.ckn.ess  Teit5)late 


I 


irr-tgS  Trangoarencv  Review  Data  Shae^ 
p^^nfc/co-Pllot  Ma^T  windshield 

Customer  Part  Number;  ^9'  ^  - 

Unit  Serial  Number;  ^ r2-  'H~  ~  ^  ^ ^ 

Acc/Sej  pabS 

Bus  to  Bus  Resistance;  S'V'9l- 

M  /«o  Ohms  ■  — 


Tbermal  Image ; 
S.E.  Resistance; 


^3IJ 


J2:2l£3 


insulation  Test;  Power  to  S.E.:  .JW  fl41SS 

(2S00  VAC)  S.E.  to  Metal;  _ 

S.E.  to  S.E. ; 
m^-ly  Atcj-  fvtjpcBde.r  iuufv^ 

Nesa  Scratch  Test  (350  VAC)  ; 


Light  Transmittance;  n-'s 

■  -  1 

Haze ; 

Photo  (Single  Exposure) : 

Deviation  Inspection; 

(German  Light  per  Template) 

2:J4_  3;^ 

5,^yr  s:i7ir^  -r-.t-O— 


^  _  JUN  0  9  1S93 
•  ^  JUN  09  1393 


^  JUN  09  893 


8;  .^.0 


Tnspector 

^P.PS2S 

2j5<I3Zt 

22PPS  77 


»Pr5JS 

SP  OdJ  V- 

sesdJ^ 

:g;P.?^28 


Dimensional  inspection: 


Unit  Thic)aiess: 
(Per  Template) 
X:h0U_  2:1,QJ1 
S:hJ2l£.  6 
9zf.n9r  10 


0^^  /r-2^^3. 


22p.‘:28 


Seal  Evaluation: 
(Comments)  _ 


3:A$iL  '  4:/,g^ 
/.  n9L  n-.WL- 

‘Re.'S 


JUN  0  4  ■'-93  22  7? 


visual  Inspection: 

(Place  comments  on  attached  sheet) 


JUN  C  '933 


B-42 


Check  for  vinyl  cracks 


JUN  0  4 1993  :2  PPa  7i 


B-43 


Trr--135  Raviev  Data  Sheet 

Pilot/Co-Pilot  Haln  Windshield 

Cus comer  Part  Number;  ^“7 S ~  -^C  / - 

Unit  Serial  Number: 

Acc/Sej  Date 

Bus  to  Bus  Resistance: 


H 


if 


Ohms 


Thermal  Image ; 

S.E.  Resistance: 

Insulation  Test: 
(2500 


£zlld±- 

2M1. 


M 


Inspector 

gP.PG28 

gEPG28 


i3n  • 

Power  to  S.E. : 
S.E.  to  Metal: 
S.E.  tO^S.E. 


7^^  jr^y.  -  S.E.  tO^S.E.: 
a'/s cratch  Test  (350  VAC);  - £. 


Nesa 

Light  Transmittance:  _  7/y 

T) 

Haze : 

Photo  (Single  Exposure) : 

Deviation  inspection: 

.  (German  Light  per  Teitplate) 

1-  2:  0.‘  d  3 :  H-D 

5':Xr~  6: 


Dimensional  Inspection: 

Unit  Thic)cness; 

(Per  Template) 


!  ‘O  fh  10:/iM^  .12:  //^tCT 


hOlT/  I’-hMl  :.a:_//<?aL 


Seal  Evaluation: 
(Comments) 


JW  0  9  1993 

»fr3  39 

-A 

lUN  0  9  1993 

4:  fradS 

k  ' 

JUiy  0  9  1933 

;  ttFrdJii 

jSJUli-’P-'ll'' 

/,0  ■. 
?».ZL-  . 

S-U'?3  ■ 

2Zm2S 

- 

_ 

//  <7jcr  . 

S-Z033 

22  PPG  28 

OON  04199^ 

22  PPB77 

/9  r\-^ 


Visual  Inspection: 

(Place  comments  on  attached  sheet) 


JUN  0  4 1393 


22  PFB  ^ 


B-44 


Check  for  vinyl  cracks 


0  4  1993  iz  ppa  n 


I 


B-45 


I  • 


lcC-135  TT-ananagencv  Reviav  Data  Sheet 
pilot/Co-Pllot  Haln  Windshield 


Customer  Part  Number: 
Unit  Serial  Number: 


Bus  to  Bus  Resistance: 


^9  2  ry-  roj _ 

Acc/Rej  pate 
- _ 


Inspector 

»  PPG  25 


7  Ohms 


Thermal  Image : 
S.E.  Resistance: 
Insulation  Test: 


S-ID'93 


mm 


.213 


(2500  VAC) 


Power  to  S.E.: 
S,E.  to  Metal: 
S.E.  to  S.E. : 


X-Zl-93 

JUN  041393  -  .P8  n. 

-  '■  r  . 


Nesa' scratch  Test  (350  VAC) : 
Light  Transmittance:  7^7 


]r 


JUN  0.9  893 


RFlPSiS 


JUN  a  n  833 


?r>i  J3 


Haze : 

Photo  (Single  Exposure) : 


^  juij  0, 9  833  39 


Deviation  Inspection: 

(German  Light  per  Template) 

1;  /,  p  2  :  <?  ■  6-'  3:.///P_ 

5:  ul? 


SfEa^-. 


22EF3  28 


4:-/» 


Dimensional  inspection: 


Unit  Thickness: 

(Per  Template)  • 

l:/!^  2:  .  3:MI1 

9zjjSl 


4:  /./>yy 

z-.y^SA. 

12:/.0«"7 


Seal  Evaluation 
(Comments) 


JUN  041333  ?2Pp8yr 


visual  Inspection: 

(Place  comments  on  attached  sheet) 


JUN0  4-H9?  22p:?sT|i 


B-46 


22  pPan 


-  ,JUN  O'* 

Check  for  vinyl  cracks  p^ii<L  - 


■■  TliicJciiess  Ten?3late 


I 


yf7-135  Trananairanev  Raview  Data  Sheet 
p^^nt:/Co-PllQt  Main  Windshield 

Customer  Part  Number:  S  -  3  — - 

Unit  Serial  Number:  ^ 


BUS  to  BUS  Resistance: 


Ohms 


Thermal  Image : 

S.E.  Resistance: 

Insulation  Test: 
(2500  VAC) 


Power  to  S . E . : 
S.E.  to  Metal: 
S.E.  to  S.E. : 


(350  VAC) : 

•Light  Transmittance:  :7?-1 

7 

Haze:  -  '  ' 

Photo  (Single  Exposure)  :•  •••• 

Deviation  Inspection: 
(Gentian  Light  per  Ten?)late)^ 
-  ^  3:  %0 


Acc/Rej 


P.aj;a 

^-'U-93 


Inspector  - 

2£P,G25 


'^-M3 


JUN  041993  22Pp€7?' 


JUNO^s  893  ttffS39 
JUN  D.9  893 
JUI)0,9  1993 

JUN  14 1995' 


gf?3  39 

22  PPG  28 


l:Aii2 


2:^ 


5:  1/D  6:.£ll. 


7:  ?.  <7 


4:  ^.d  ” 
.  8:  2.6) 


Dimensional  Inspection: 


unit  Thickness: 
(Per  Template) 

XzhoM.  2-.Lor^ 

Sil.DiTA  6:ii£2^ 

5 -.Luis. 


2-dlO^  '4:Ag$y' 
10 :  i.n'9  d  'L'i.-.JjMlk. 


Seal  Evaluation: 
(Comments) 


JUN  041993 


22  pp«  rr 


visual  Inspection: 

(Place  comments  on  attached  sheet) 


JUN  041593 


B-48 


I 


•'  /)j  JUN  0  41993 

Check  for  vinyl  cracks  -  -  j2 


B-49 


T-rangparenev  Raviww  Data  Sheet 
- - - - pi1oWCQ-PHo«-  *4  Window 


Customer  Part  Number. 
Unit  Serial  Number: 


c-  3  S'?-  /_ 
//¥9 


Acc/Sej  E4t£ 


TpgpectO.S 

52.  i.-t! 


BUS  to  BUS  Resi- 

Thermal  Image:  . .4  _ 

insulation  Test  -ower  to  Metal: 

(2500  VAC) 

Nesa  Scratch  Test  (81  VAC) : 

Light  Transmittance: 

Haze: 

Photo  (Single  Exposure) ; 

Deviation  Inspection; 

(German  Light  per  Template) 

^■.4L/0  2:_^ZZ1  3:_CV£. 

Dimensional  Inspection. 

unit  Thickness: 

(Per  Template) 

2:.  3-xZi^  _ 


Check  for  Vinyl  Cracks: 
seal  Evaluation:  . 


dec. 

MAY  2  6  199j 

22PPG43 

oK 

may  2  5  19§J 

22PPG43 

I-  2 

MAY  2  6  1993 

2:P?G43 

MAY  2  6  1983 

2IP?s>a 

22PPS47 

J\1U141893- 

i/i~r 

JWO  S  IS93 

- - T  ^  « 

: 

- 

: 

22EPG25 

JUN  03  US3 

22  pPa  77 

JUN  03  1993 

’P6  7? 

(Comments) 


Visual  Inspection.  .  - 

(Place  comments  on  attached  sheet) 


JUNO0I333  22P?»0Sa 


B-50 


visual  Inspection.  Map  &  Comments 


I 


■irr!-135  Tri^Tiapar’ancv  Raview  Data  Sheet 
p^ lofc/Ca-PllQt  »4  Window 

Customer  Part  Number:  ^-nnLv-so/  . 

nnic  serial  Kuinber:  _ Q  4*/ — - 


;u:c/Rej  Pate 


Inspector 

m 


Bus  to  BUS  Resistance: 

/?7-S  Ohms 


Thermal  Image : 

Insulation  Test: 
(2500  VAC) 


Power  to  Metal: 


Nesa  Scratch  Test  (81  VA.C) : 
Light  Transmittance :  _ 

Haze : 

Photo  (Single  Exposure) : 

Deviation  Inspection: 

(German  Light  per  Templat^ 
l:  3  2:_I_  3:^ 


4: 


Dimensional  Inspection: 

Unit  Thickness: 

(Per  Template)  ' 


Check  for  Vinyl  Cracks: 
Seal  Evaluation: 
(Comments)  _ I - 


Md- 

MAY  26  1993 

22  PP8I7 

nf.7 

LA- 

MAY  2  6  1993 

MAY  26  1993  . 

MAY  26  1993  . 

22  PPS  59 

Z2  PPb  77 

.22  pP«  7?. 

2  6  MAY  1993 

22PpS47 

■ 

MAY  26  ^ 

22  PP6  t! 

- 

/tdr.. _ 

h'%£-^3 

. 

JUN  0  2  1593 

22  pPS  77. 

JUN  0219S3 

22  pPfi  g — 

JUN021S93  22  PP« 

visual  Inspection:  - —  - 

(Place  comments  on  attached  sheet) 


B-52 


i  • 


gg-135  TT'aTiaparanev  Review  Data  Sheet 
Pilot/Co-P-tlQt  *4  Window  .  . 

c"  _  H)'! L  ^ ^  So  f 

Customer  Part  Number:  _2. - '  2. J. - d. - 1 — 

Cic  serial  NuM.ar.  3,  -  Okj '  ' ‘t'?J  • 


Bus  to  Bus  Resistance; 


Thermal  Image: 


Ohms 


Jlcc/Rej 


insulation  Test:  Power  to  Metal: 

(2500  VAC) 


Nesa  Scratch  Test  (81  VAC)  : 
Light  Transmittance:  __ 

Haze: 

Photo  (Single  Exposure) : 

Deviation  Inspection: 

(German  Light  per  Template) 

1..  ^  2:_2_  ^--S- 


Date 

s-n-fj 

may  26  1993 

may  9.  R  1993 

MAY  26  1993 
MAY  25  1993 


Inspector 


1m 


22  pP6 


22  pPG  77 
22  PPg  77 

22  pPg  n 


2  6  MAY  1993  22PP<i*’ 


MAY  26  1993  .«PP6  7y 


Dimensional  Inspection: 


Unit  Thickness: 

(Per  Tulare) 

Check  for  Vinyl  Cracks: 

Seal  Evaluation: 

(Comments)  _ L - ; - 


JUN  02  1993 


■ftsdazz 


22  pPs  77‘ 


JUN  0  2  1993  22  pPs  77 


JUN  0  2 1393  22  PPs  77 

Visual  Inspection;  - - — - 

(Place  comments  on  attached  sheet) 


B-54 


ICC- 13^  T-^anaparanev  Raviow  Data  Shact 
Ptlot/Co-PilQt  *4  Window 


Customer  Part  Number: 
Unit  Serial  Number: 


r-  7  na  -  / 

91.  i-i'Sf  /Jo  3yo 


Acc/aej 


Date 


inspector 


Bus  to  Bus  Resistance: 

•  '7/0, 1  Obms 

Thermal  Image: 

insulation  Test:  Power  to  Metal: 

{2500  VAC)  - 

Nesa  Scratch  Test  (81  VAC)  : 

Light  Transmittance : 

Haze:  • 

Photo  (Single  Exposxxre)  ; 


Deviation  Inspection: 
(Germsin  Light  per  Ten^jlate) 
l:  -V  2:_JI_  3:^ 


Dimensional  Inspection: 


Unit  Thickness: 
(Per  Template) 


Check  for  vinyl  Cracks: 
Seal  Bvaluation: 


4: 


S-V/r-33i 

32  EPS  28 

.  MAY  26  1993 

iz  pPe  17. 

n9.  7 

MAY  26  1993 

PPS  77 

MAY  26  1993 

22  PPG  77 

!,  'y 

HAY  26  1993 

it  PP6  77 

.2  6  MAY  1993 

22pp(i47. 

MAY  2  6  1993 

22  PPfi  77 

■  •  - 

^''L^-93 

8Z9q<JZS 

JUN  021S33 

^PPs  rr 

JUN  021993 

22PP8  77 

(Comments) 


Visual  Inspection: 

(Place  comments  on  attached  sheet) 


JUN  02  1993  22PPG77 


B-56 


I 


Kg -13 5  Transparency  Review  Data  Sheet 
tH1r.h/ga-PllQt  *4  window 

Customer  Part  Nvunber:  -  n  A._Z - 

Unit  Serial  NiJinber:  ~  tl!  0  -^QCi  ^ 


Bus  to  Bus  Resistance:  ; 

Ohms 

Thermal  Image ;  ’  ••  ■•“ 

insulation  Test:  Power  to  Metal: 

(2500  VAC)  ■■  ■ 

Nesa  Scratch  Test  (81  VAC) : 

Light  Transmittance:  _  • 


Photo  (Single  Exposure) : 

Deviation  inspection: 
(German  Light  per  Template) 

1:  "5  2:__3 3: — 3 


Dimensional  Inspection: 

Unit  Thicioiess: 

(Per  Template)  "  ' 

\-.A3A.  2;  ’^^3 


Acc/Rej  Date  Inspgsj: 

22£Fg2s_ 


um2z 


MAY  26  1993  22  pPg  77 

MAY  2  6  1993 

_ _  ??  PP*  7 

MAY  2  6  1993  22  ppp  77 

may  2  S  1933  ^  - 

2  6  1993  22 

MAY  2 6  1993 


ChecJc  for  Vinyl  Cracks: 


Seal  Evaluation: 


JUN  0  2  1933  .3  22  pPg  77 

JUN  02  393  3  pPa  7> 


(Comments) 


Visual  Inspection: 

(Place  comments  on  attached  sheet) 


JUN  c  i  ISSi 


22  PPS  77 


B-58 


I 


lcC-135  T-raTiflparenev  Review  Data  Sheet 

Pllot/Ca-Pllot  *4  Window 


Customer  Part  Number: 
Unit  Serial  Number: 


C-  7/  7  -  / 


Bus  to  Bus  Resistance:  f  ,  ^ 

ip^-0  ohms 

Tbermal  Image : 


Acc/Rej 


Date  Taspector 


22  PPG  25 


..  .  - 


Insulation  Test:  Power  to  Metal: 

(2500  VAC)  .  - .  .  ‘  -"1' 


Nesa  scratch  Test  (81  VAC) : 

Bight  Transmittance:  ‘//jS 

Haze; 

Photo  (Single  Exposure) : 

Deviation  Inspection: 

(German  Light  per  Teinplate) 
l:_J _  2:  X—  3:^_  4: 

Dimensional  Inspection: 


22  PPG  15 


22  PPG  15 


Unit  Thiclaiess: 

(Per  Ten^ilate)  .  . 

■L-.AIh—  2:  3  :  .  ^ 


5/2L/g-J  .IB  ll- 


Check  for  Vinyl  Cracks; 
Seal  Evaluation: 
(Comments)  _ _ 


f/'L/9l 

5/ull 


22  PPG  15 


22EPG  15 


visual  Inspection: 

(Place  comments  on  attached  sheet) 


B-60 


visual  Inspection  Map  &  Comments 


Tiiickness  Template 


Customer  Part  Number: 
Unit  Serial  Number: 


<--  nnM-Sa) 
if’c  V-  07-  6l -X7t 


BUS  to  Bus  Resistance: 


Acc/Rej  Date 

^  may  26  1993 


22  pPs  n 


Thermal  Image:  ?  ' 

Insulation  Test:  Power  to  Metal: 

(2500  VAC)  — 

Nesa  Scratch  Test  (81  VAC)  : 

Light  Transmittance: _ 

Haze :  ■  - 

Photo  (Single  Exposure)  : 

Deviation  Inspection: 

(German  Light  per  Template) 

l:  4  3=_2_  ■  4 


MAY  2  6  1993  22  pPfi  TT 

MAY  2  6  1993  22  PPs  7# 


}  0  MAY  2  3  1333 
26MA'fl993 

■■S-  - 


22  PP8  77. 

22PFt547 

22  PP8  73 


Dimensional  Inspection:  _  - : — 

Unit  Thickness:  ■  - - 

(Per  Template)  :  7^;^  -• 

2:.7od.  'L 


Check  for  Vinyl  Cracks: 


Seal  Evaluation: 


JUN  02  1993  22  PPG77 


JUN  02  1993  . .  22  pPg  77 


(Comments) 


nOef^  _ — i— ' — h — 


Visual  Inspection: 

(Place  comments  on  attached  sheet) 


I  • 


TCg-135  Tf^Tiaparenev  Review  Data  Sheet 
p^^ot/Co-PilQt  «4  Window 

Customer  Part  Number:  7^  *~/—  1 - 

Unit  Serial  Number:  ■  .^O  — "7 ^.1 — 


Bus  to  Bus  Resistance: 


Ohms 


Acc/Hej  Date  laaESSfeSE 

~  ■  7~ 


9?  pP8  7T 


Thermal  Image;  ^ 

Insulation  Test:  Power  to 

(2500  VAC)  •  -■’ 

Nesa  Scratch  Test  (8i  VAC)  ; 

Light  Transmittance:  ^ 

Haze : 

Photo  (Single  Exposure)  : 

Deviation  Inspection: 
(German  Light  per  Template) 

X:  7  2:_Z_  3=-^ 


Metal: 

MAY  26  1993 

MAY  261993 

Ml±- 

may  26  1993 

I.D 

MAY  26  1993 

may  2  i  1993 

MAY  26  1993 

4:  S'_ 

22  pPs  rt 


22  pPg  n 
^PPS7> 
22  PPfi 

22  PPG  4 

22PP6  7? 


Dimensional  Inspection: 

Unit  Thickness: 

(Per  Template)  , 

1:./ 


2ZFJ>G28 


Check  for  Vinyl  Cracks: 
Seal  Evaluation: 
(Comments) 


22  PPG  77 

JUN  02T393  ;;  pp^  ^ 


ytimjr-r'  O-fd  Cyj  'tz. 

Ark^^r^>yif^  /Oq  ‘ticj — 

^  JUN  02  1993  22  pH  ^ 


visual  Inspection; 

(Place  comments  on  attached  sheet) 


B-64 


I 


gC-135  Trait gpairanev  Review  Data  Shaot 
“  mi^wrn-PtlQt  »4  Window 


Customer  Part  Number: 
Unit  Serial  Number: 


Bus  to  Bus  Resistance: ^ 


Tbermal  Image :  ^ 

Insulation  Test:  Power  to  Metal; 

(2500  VAC) 

Nesa  Scratch  Test  (81  VAC) : 

Light  Transmittance : 

Haze:  ' 

Photo  (Single  Exposure): 


r-  n\iLu- 13 cX,  F 


Acc/Rej  Pate  ..ISSSS^SSS.. 


,r-x}-i3 

.82.3JJZ2 

Acc 

MAY  2  6  1993 

22PPG43. 

OK 

MAY  2  8  1993 

22PPG43 

MAY  2  S  1953 

!2PPg43 

,-JL. 

MAY  £  3  1953 

2:PPG43 

Deviation  inspection:  — 

(German  Light  per  Ten^late) 

1:  ■‘-3  2:  3  3:-<l  3  4:^ 


22PPS^^ 


Dimensional  Inspection: 

Unit  Thickness: 

(Per  Template) 


Check  for  Vinyl  Cracks: 
Seal  Evaluation: 
(Comments) 


4: 

■  /?^ 


22  £50  23 


JUN  03  1933  CPPsT^ 

JUN  03ieS3  ^  _ 


visual  Inspection: 

(Place  comments  on  attached  sheet) 


JUN  0  S 1993  ■'  ^  vf!- 


B-66 


visual  Inspection  Map  &  Comments 

sb. 


■  • 


icC-135  Tra"apaganev  Revieir  Data  Sheet 


Customer  Part  Nimber: 
Unit  Serial  Number: 


Bus  to  Bus  Resistance; 


Thermal  Image: 


yr'' 


Xcc/Rej  Pate 


/  /?*  3  Ohms 


SZSd'iZt- 


iZSiiTZ 


Insulation  Test:  Power  to  Metal:  , 

(2500  VAC) 

Nesa  Scratch  Test  (81  VAC)  : 

Light  Transmittance: 

Haze : 

Photo  (Single  Exposiire)  : 

Deviation  Inspection: 

(German  Light  per  Template) 
l:  2:  ^  3:  ^,,3.  ..4:: 


MAY  2  6  1993  22PPG43' 


MAY  2  8  1983  22PPG« 


f/,  ^  May  s  8 

.  ^  ifi'./  n  f  frcn  “jL4P?fi43 

*  ‘  —  I  I  j  .i^sj  . .  ~ 

22  PPG  47  JUU141SS1  22PPa8 


Dimensional  Inspection: 

Unit  Thickness : 

(Per  Ten^late) 

1:  2:^ifiL  3:^/^ 


Chec)c  for  Vinyl  Cracks: 


Seal  Evaluation: 


4  Z  r4  9  ' 


g  PPG  28 

JUNO  3  1993  ggppsTT 
JUN03S33  SSpPgp? 


(Comments) 


Visual  Inspection; 

(Place  comments  on  attached  sheet) 


JUN  0  3 1923  22 


B-68 


T-rartaparenev  Review  Data  Sheet 
pilot/Co-Pllot  »4  Window 

Customer  Part  Number:  S-  "1  - - 

unit  Serial  Number:  ~~  ^  - 


3£b 


Ohms 


Bus  to  Bus  Resistance: 

Thermal  Image:  ^ 

insulation  Test:  Power  to  Metal: 

(2500  VAC) 

Nesa  Scratch  Test  (81  VAC)  : 

Light  Transmittance : 

Haze : 

Photo  (Single  Exposure)  : 

Deviation  Inspection: 

(German  Light  per  Ten^ilate) 

l:  z-  7  2:  3:4  3..  .  f 


Dimensional  Inspection: 

Unit  Thickness: 

(Per  Template) 


Check  for  Vinyl  Cracks: 
Seal  Evaluation: 

( Comment  s )  - - 


Acc/Rej 

Date 

insoector 

X-ihf.3 

icL. 

MAY  2  fi  1993 

22PPG43 

■  i  *  ’■ 

(OK 

MAY  2  6  1993 

22PPG43 

MAY  2  6  1SS3 

22PPG43 

f,  1 

MAY  2  £  'ibJ 

22PPQ43. 

22  PPG  47 

^PPC8 

^ 

3 

_ 

2^ _ 

JUN  031993 

22  pPS  77, 

JUN  031993 

22  ppa  77 

JUNoST;^ 

visual  inspection:  -  - 

(Place  comments  on  attached  sheet)  i 


1  !?lf  '5  *7 


B-70 


visual  Inspection  Map  &  Comments 


Deviation  Template 


B-72 


B-73 


■  • 


gg-135  TraTigyiairenev  Review  Data  Sheet 
Pllafc/Co-PllQt  #4  Window 

Customer  Part  Number;  ,  5*"  *7 / 7 ^  - 

unit  Serial  Number:  I  -  3  G- 


Acc/Rej  Date  Inspegtgr 


lt?-% 

Bus  to  Bus  Resistance:  *■ 

7<^-y  Ohms 

Thermal  Image:  =r 

Insulation  Test:  .  Power  to  Metal: 
(2SOO  VAC)  ■ 

Nesa  Scratch  Test  (81  VAC)  : 

Light  Transmittance : 

r:'V-93  . 

KSJ3Z 

S-2IA3 

tZZiiZZ 

Aca. 

OK 

MAY  2  6  1993 

22PPG43 

MAY  2  6  1993 

22PPG43 

MflV  9 

ffl'PG43 

A 

KAY  2  5  )S3’ 

2:p?«3 

Haze: 

Photo  (Single  Exposure) : 

Deviation  inspection:  - 
(German  Light  per  Template) 
l:  2:  3:  4: 

Dimensional  Inspection: 

Unit  Thickness: 

(Per  Template)  -  , 

4:, 

22PFS47 

JUNft  *  W3  . 

£i  f  rS  39 

' _ 

. 

X-7J,'93 

22PFa2y 

Check  for  Vinyl  Cracks: 

Seal  Evaluation: 

JUN  03  1993 

?2pp<f7T 

- 

JUN  0  3  1993 

??  P9n  7? 

_ Ajn  (y^\  f?  o*J  a1 

- 

Visual  Inspection: 

(Place  comments  on  attached  sheet) 

JUK  0  3 

•>»  7? 

B-74 


KC-135  Transparency  Review  Data  Sheet 
Pllot/Co-Pllot  #4  Window 


Customer  Part  Number: 
Unit  Serial  Number: 


-2h  ~l3'd 


Acc/Rej 

Date 

insneetor 

Bus  to  Bus  Resistance: 

' _ 

SZ  Oad  TZ 

73.  7  Ohms 

Thermal  Image: 

SZ  3c  J  zz 

Insulation  Test:  Power  to  Metal: 

MAY  26  1993 

22  PPG  7; 

(2500  VAC) 

Nesa  Scratch  Test  (81  VAC) : 

MAY  2  6  1993 

22  PPG  77 

Light  Transmittance: 

MAY  26  1993 

22  PP6  77 

MAY  26  1393 

22  PP6  7? 

Haze: 

Photo  (Single  Exposure) : 

Deviation  Inspection: 

2-6  MAY  1993 

22PPC-i 

may  26  1993 

22  pPr  7lt 

(German  Light  per  Template) 

1:  ^  2:  ^  3:  7  4: 

Dimensional  Inspection: 


Unit  Thickness: 

(Per  Template) 

2:.  7^7  3:. 7/5 

4:j_Z^ 

Check  for  Vinyl  Cracks; 

Seal  Evaluation: 

A*-<- 

,^o3 

JUN  O  i  l^rr 

JUN  02  1993 

/  Vv  / 

22  pPs  n 

22  PPs  77 

/ 

(Comments)  o*^  ooffiJ  5  iJv’ _ ^ 


visual  Inspection: 

(Place  comments  on  attached  sheet) 


JUN  021993 


B-76 


C  A.  I  y  Ad(*^7^e^  o4/> 

OYlfil  50'?~f^e 


Ttiickness  Template 


Deviation  Teit^jlate 


KC-135  Tremaoarenev  Review  Data  Sheet 

Pllofc/Ca-Pllot  #4  Window 


Customer  Part  Nximber: 
unit  Serial  Number: 


Acc/Rej  Date 


Bus  to  Bus  Resistance: 

1  Ohms 

Thermal  Image: 

Insulation  Test:  Power  to  Metal: 

^-21-91 

MAY  2  6  1993 

(2500  VAC) 

Nesa  Scratch  Test  (81  VAC) : 

oK 

may  2  fi  1993 

Light  Transmittance: 

Haze: 

MAY  2  3  ISgj 

-M- 

MAY  2  ^  13*3 

Photo  (Single  Exposure) : 

22  PPG  47 

iVJH  14^3^3 
- -7 - 

Deviation  Inspection: 

vs-93 

(German  Light  per  Template) 

1:^.  3:  4: 

Inaoeetor 


22PPG4? 


22PPG43 


2:c?gjc 


^PPC8 


i<L 


Dimensional  Inspection: 


Unit  Thickness :  _ 

(Per  Ten^jlate) 

1:  ,49'JL.  1-.  Xi!  3:. ^^3  4: 


Check  for  vinyl  Cracks: 

Seal  Evaluation: 

frrirnrnp.nts)  T  i  V 

^  JUN  031993 

l?ejr<  22PP«77 

visual  Inspection: 

JUN031SS3  22?^  9^ 

(Place  comments  on  attached  sheet) 


B-78 


visual  Inspection  Map  &  Comments 


Thickness  Template 

/  \ 

©6f/ 


Deviation  Ten^jlate 


I 


KC-135  Transparency  Review  Data  Sheet 

Pllot/Co-Pllot  #4  Window 

Customer  Part  Number: 

Unit  Serial  Number:  XS-f/-o7-o/-3iL 


Bus  to  Bus  Resistance:  „ 

/  Ohms 

Thermal  Image: 

Insulation  Test:  Power  to  Metal: 

(2500  VAC) 

Nesa  Scratch  Test  (8i  VAC) : 

Light  Transmittance: 

Haze: 

Photo  (Single  Exposure)  : 

Deviation  Inspection: 

(Gentian  Light  per  Jgraplate) 

1:4/3  2<  r.S  3:<  7  4 

Dimensional  Inspection: 

Unit  Thickness: 

(Per  Template)  ^  ^ 

1:  ,  2-.  ,10l  4: 


Check  for  vinyl  Cracks: 
Seal  Evaluation: 
(Comments) 


S-2hi^ 

^■Zc^l3 

MAY  2  S  1993 

22PPG43 

DK 

MAY  2  6  1993 

22PPG43 

MAY  2  S  )9S;3 

22PPG43 

22PPSA7 

.■,Ai  ^ 

^^PPQS 

^  f  - 

l-s-fl 

<v 

22.P-FG2S 

All 

JUN  031993 

22  PPS  77 

HeA 

JUN  03  1993 

22  PPI  77 

visual  Inspection: 

(Place  comments  on  attached  sheet) 


JUNO  5  >393 


m 


B-80 


visual  Inspection  Map  &  Comment 


Thickness  Ten^late 


©  ©  Ofy 


I 


KC-135  Trananarencv  Review  Data  Sheet 
Pllot/Co-Pllot  #4  Window 


Customer  Part  Number: 

7/7  fay  - 

^O/ 

Unit  Serial  Number:  9/^ 

o4>9-  //o 

W70 

Acc/Rej 

Date 

Insoector 

Bus  to  Bus  Resistance: 

IMiH  S 

Ohms 

Thermal  Image: 

Tnsnlarinn  Tftst;  Power  to  Metal: 

MAY  26  1993 

2z  pPg  ;; 

(2500  VAC) 

Nesa  Scratch  Test  (8i  VAC) : 

MAY  25 1955 

22  P?8  n 

Light  Transmittance: 

MAY  26  1933 

22  PPG  77 

Haze: 

13— 

may  25  1993 

22  PPG  77 

Photo  (Single  Exposure) : 

2  6  MAY  1993 

22  PPS  47 

MAY  26  1993 

22  PPG  7? 

Deviation  Inspection: 

(German  Light  per  Template) 

.  -7 

1:  3  2:_3_  3:  1  4:_Z 


Dimensional  Inspection: 

Unit  Thickness: 

_ 

ggppn 

(Per  Template) 

7.-.  2-.  tie’ll;) 

Check  for  Vinyl  Cracks: 

Seal  Evaluation: 

JUN  02  1993 

22  PPG  77 

. 

JUN  02  IS^ 

22PPfiff 

f Comments) 

Visual  Inspection: 
(Place  comments  on 


{C<f^ 

attached  sheet) 


JUN  021993 


22  PPG  n 


B-82 


'emplate 


ilate 


I  • 


KC-135  Transparency  Review  Data  Sheet 
Pllot/Co-Pllot  *4  Window 


Customer  Part  Number: 
unit  Serial  Nvimber: 


Bus  to  Bus  Resistance: 


Thermal  Image: 


5-  7/7^y--5’o  y 
la-  o  U  hfa  S9/ 


Aec/Rej  Date  Inspector 


y,  D  Ohms 


Insulation  Test:  Power  to  Metal: 

(2500  VAC) 

Nesa  Scratch  Test  (81  VAC) : 

Light  Transmittance: 

Haze: 

Photo  (Single  Exposxxre)  : 


MAU6  1993 

2%  pPS 

MAY  26  1993 

22  ppfi  ;? 

MAY  26  1993 

22  pPg  rr 

!  ^  MAY  26  1393 

22  pPg  r 

2  6  MW  1993 

22  PPG  47 

Deviation  Inspection: 
(German  Light  per  Template) 
1:  5"  2:  ^  3:  3 


Dimensional  Inspection: 

Unit  Thickness: 

(Per  Template)  . 

I.:.  MX  2:./n<^S  3: 


Check  for  Vinyl  Cracks: 
Seal  Evaluation: 

( Comment s ) 


Visual  Inspection: 

(Place  comments  on  attached  sheet) 


4:  -b 


liA'f  26,1993  22PPG^^ 


22£P.GZ8 


JUN  0  2  1993  ^2.  pPs  n 


JUN  02  1993 


22  pP8  W 


JUN  02  1393 


B-84 


visual  Inspection  Map  &  Comments 


S<^AtL  L-arS  s  f 


Trr-i:^?i  Tganaparencv  Review  Data  Sheet 


Customer  Part  Number: 


Unit  Serial  Number: 


Bus  to  Bus  Resistance: 


Thermal  Image: 


7/7^  y-  ^0/ 


Acc/Rej  Date 


Insulation  Test:  Power  to  Metal:  ^^^26  1993 

(2500  VAC) 


Nesa  Scratch  Test  (81  VAC) : 
Light  Transmittance: 

Haze: 

Photo  (Single  Exposure) : 

Deviation  Inspection: 

(German  Light  per  Teit^jlate) 
1:  r  2:  5  3: _ 2. 


Dimensional  Inspection: 

Unit  Thickness: 

(Per  Template) 


Check  for  Vinyl  Cracks : 


Seal  Evaluation: 


(Comments) 


visual  Inspection: 

(Place  comments  on  attached  sheet) 


2?.Sdd  II 


22  PP6  nti 

22  PPa  77 

j,J)  MAY  26  1993 

g  6  MAY  1993  22PPS^7 

MAY  26  1933  n  pPg  77 


4 


2ZEF02B 


ly^  JUN  0  2  1993  22  pPg  77 

JUN  02  )993  22  PPC  n 


JUN  021S93  22  pPs  77 


B-86 


visual  Inspection  Map  &  Comments 


KC-135  Transparency  Ravlev  Data  Sheet 
Pilot/Co-Pllot  #4  Window 


Customer  Part  Number:  -S^ 

'7/7  Ay- 

--  S  <2  / 

TTnit  Serial  Number:  ^.-3  — 

OJ3-  //0_  ?cPcf 

Acc/Rej 

Date 

Insnector 

Bus  to  Bus  Resistance: 

‘^m2S 

ySi  7  Ohms 

Thermal  Image; 

BPS  28 

Tnsulat-inn  Test;  Power  to  Metal: 

may  26  1993 

22  pPS 

(2500  VAC) 

Nesa  Scratch  Test  (81  VAC) : 

may  26  1993 

32  PPS  Y7 

Light  Transmittance: 

/Ad,/, 

may  26  1393 

22  PPG 

Haze; 

MAY  2 

22  pPG  7Y 

Photo  (Single  Exposure) : 

2  £  MW  1993 

??  PP'^  _ 

Deviation  Inspection: 

MAY  26  1993 

22  PPG  ft 

(German  Light  per  Template) 

1:5'  1-.  5  2-.  S 

4:  7— 

Dimensional  Inspection: 

Unit  Thickness: 

2?,EPG2S 

(Per  Template)  , 

Check  for  Vinyl  Cracks; 

JUN  021993 

PPg  n _ 

Seal  Evaluation: 

JUN  021®3 

?P8  JJJ 

(Comments) 


visual  Inspection: 

(Place  comments  on  attached  sheet) 


JUN  02  1993 


22  Pfft  ^ 


B-88 


visual  Inspection  Map  &  Comments 


Customer  Part  Ntimber: 


r 


visual  Inspection  Map  &  Comments 


Thickness  Terr^Jlate 


I 


KC-13S  Trananarancv  Review  Data  Sheet 
Pllot/Co-Pilot  #4  Window 

Customer  Part  Number:  S~  - 

Unit  Serial  Number:  ~  ^ ^  ~  _ [P-^  S 


Acc/Rej 

Data 

Insoector 

Bus  to  Bus  Resistance: 

■/to  Ohms 

J2.F.r3  23 

/  ■  '*  ■ - ^  — 

Thermal  Image: 

Insulation  Test:  Power  to  Metal: 

(2500  VAC) 

Nesa  Scratch  Test  (81  VAC) : 

Light  Transmittance: 

Haze; 

Photo  (Single  Exposure) : 

Deviation  Inspection: 

(German  Light  per  Teirplate) 

fficPG  2? 

fyiA. 

MAY  26  ^933 

22  pPG  77 

MAY  26  1933 

22  PPS  ^ 

ro.</ 

MAY2e  :r?3 

22  PPG  77 

22  PPS  77 

2  6WW195^ 

22  PP2 

iT 

may  2  8  BBS 

22  pPG  77 

1:  2:  1.  3:  3  4:  S 


Dimensional  Inspection: 

- 

Unit  Thickness: 

82S'c?3Z? 

(Per  Template) 

Check  for  Vinyl  Cracks: 

^  JUN  02  1993 

9e^ 

22  PPG  77 

Seal  Evaluation: 

--  JUN  021993 
LfiA _ 

22  PP«  77 

S  rO-C  _ Out ^ 

I3'0-<L 

visual  Inspection: 

JUN  021393 

22  ^ 

(Place  comments  on  attached  sheet) 


B-92 


I 


KC-135  Trangparencv  Review  Data  Sheet 
Pilot/Co-Pllot  *4  Window 


Customer  Part  Number: 
Unit  Serial  Number: 


S'- 


Bus  to  Bus  Resistance: 

Ohms 

Thermal  Image: 

Insulation  Test:  Power  to  Metal: 

(2500  VAC) 

Nesa  Scratch  Test  (81  VAC) : 

Light  Transmittance: 

Haze: 

Photo  (Single  Exposure) : 

Deviation  Inspection: 

(German  Light  per  Template) 

1:  3-  3:_£i_  4: 

Dimensional  Inspection: 

Unit  Thickness: 

(Per  Template) 

1-.jA2±  '2.-jA1L  4: 

Check  for  vinyl  Cracks: 

Seal  Evaluation: 

( Comment  s )  _ _ _ 


Acc/Rej 

Date 

Inspector 

22P.PG28 

22  PPr.  2? 

Am 

may  2  6  1993 

22PPG43 

— P - 

OHl 

MAY  2  6  1993 

22PPG43 

^7  I 

MAY  2  S  )SS3 

22?P34.'5 

1,  0 

MAY  £  « 

22  PPS  A7 

^f‘PCP 

A 

JUN  0.9  1S93 

it  f  r  J  J9 

- j - 

21EPG28 

■1.71 

JUN  0  3  1993 

ll  9dA  ^ 

JUN  03  1993 

Visual  inspection: 

(Place  comments  on  attached  sheet) 


JUN  0  0  )993 


B-94 


I 


KC-135  Transparency  Review  Data  Sheet 

Pllot/Co-Pllot  *4  window 

Customer  Part  Number: 

Unit  Serial  Number;  3—  H ~~  'j  ~ 


Acc/Rej  Date 


Inspector 


Bus  to  Bus  Resistance: 


Thermal  Image: 


JjQhms 


Insulation  Test:  Power  to  Metal; 

(2500  VAC) 

Nesa  Scratch  Test  (8l  VAC) : 

Light  Transmittance: 

Haze: 

Photo  (Single  Exposure) ; 


Deviation  Inspection: 

(German  Light  per  Template) 

1:  2:  ^  3  3:^3 


r-i/-y3 

iZ-SddK 

3-ZI33 

'2ZUJP 

Acl. 

MAY  2  6  1993 

22PPG43 

Dt\ 

MAY  2  6  1993 

22PPG4o! 

fl,  I 

MAY  2  ^  :3t2 

22PPG45. 

('I 

22  PPS  47. 

_ 

Dimensional  Inspection: 

Unit  Thickness: 

(Per  Template) 

x-.ylK  2-.J23  i-.AKl 


Check  for  Vinyl  Cracks; 
Seal  Evaluation; 
(Comments) 


JUN  0iuay3, 

-  zfpHff 

9&S 

JUN  03  1993 

'ttPfSTf 

/tJo  ao7'/&J. 

..  - 


visual  Inspection: 

(Place  comments  on  attached  sheet) 


JUN  081993 


B-96 


I 


KC-135  Trananarancv  Review  Data  Sheet 
Pllot/Co-Pllot  #4  Window 

Customer  Part  Number:  5-  /3 

Unit  Serial  Number;  y-//-/o-/r_  /og 


Acc/Rej  Date 


Bus  to  Bus  Resistance: 


Inspector 

22£f(i28 


7  Ohms 


Thermal  Image: 


Insulation  Test:  Power  to  Metal: 

(2500  VAC) 

Nesa  Scratch  Test  (81  VAC) : 

Light  Transmittance: 

Haze: 

Photo  (Single  Exposure) : 

Deviation  Inspection: 

(German  Light  per  Template) 

1:  Z.  3  2:^3)  3:>C  O  4; 


Dimensional  Inspection: 

Unit  Thickness: 

(Per  Template) 

1:  1-.dlL. 


Check  for  Vinyl  Cracks: 
Seal  Evaluation: 
(Comments) 


.i)  'iZ-f  J 

dri., 

may  2  6  1993 

22PPG43 

oK 

may  2  6  1993 

22PPG43 

MAY  2  S  1988 

22PPG43! 

/.y 

MAV  S'  S  SCiJ 

;:r?Ps-i? 

22  pro 

AUUI 4  1993 

JUU14  1993 

'f  3 

^£PG2S 

iLs 

JUH  031993 

JUN  03  1993 

22  PPS  77 

22  Pi**  77 

JUN031SS3 

Visual  Inspection: 

(Place  comments  on  attached  sheet) 


B-98 


APPENDIX  C 

BIRD  IMPACT  DATA  SHEETS 


PPG  Industries-Bird  Impact  Data  Sheet 
KC-13S  Test  Program 
for 

Battel  1 e 


Sample  I  .D.  S -  69  34^  - SoZ.  s/N  8f»~  H->C>~e>t«-Ota7  Date 
Bus  to  Bus  5  Delamination  chk.  0\<-  _ 


Requirements : 

High  Speed  Film  (3  cameras)  N£S  Spall  Shield  Installed  V£S 


Test  Conditions 

Requested 

Actual 

Temperature  I.B. 

“a-T- 

7o*F 

Temperature  O.B. 

70*  F 

Bird  Wt.  (lbs) 

4.0 

4.01.0 

Bird  Speed  (kts) 

'2.^0.  O 

ISM 

Ambient  “F 


7o*F 


Impact  Loc. 
Installation  Ac* 

Angle  - -tr - 

Sweep  Back 

Angle  - 32 - 


i^ls  Q.-U. _ _ 

Shot  No.  :  *783  Test  Date:.  i>l7lj93  Tested  By:  //r<r. 

Test  Results: 

OoTBoAM)  '^toiassi .  Pc-/  /A/  rAcr. 

OF  IMPACT®/)  PcAtriT.  'B/KO  S^T1£A.C0 

(JfV'S’ft-  »F  aii^oex^  ImPa<.T-  Com  PAeiS/OA»  o/= 

PAoBA&cS  . 


Date:  c.hz/?? 


C-1 


PPG  I ndustries-Bird  Impact  Data  Sheet 
KC-135  Test  Program 
for 

Battel 1e 


Sample  S/N  H- 0(. -3o  Date  <p/-2-Z/93 

Bus  to  Bus  3^-  8 _  Delamination  chk.  _ 


Requirements: 

High  Speed  Film  (3  cameras)  NCS  Spall  Shield  Installed 


Test  Conditions 

Requested 

Actual 

Temperature  I.B. 

a.T- 

Temperature  O.B. 

d.r. 

Bird  Wt.  (lbs) 

4>Q 

4.0VO 

Bird  Speed  (kts) 

7.^0*  o 

7SI.| 

Nerub  ^  1  lo|5 

_Ml _ 

Ambient  ’F 


Impact  Loc.  - 
Instal lation 
Angle 
Sweep  Back 
Angle 


OS 

45^ 


Shot  No.:.  7S4  Test  Date:.  UzzJ^3  Tested  By: 


Test  Results: 

NIo  A-KCOA>*r  of  BitP  l£HT€3lgP 

ToV  eoCeic.  sthr^  7^3. 


PPG  witness: 


Date:  .Mzzbi 


C-2 


I 


PPG  Industries-Bird  Impact  Data  Sheet 
KC-135  Test  Program 
for 

Battel 1e 


Samp  1 e  I .0 .  354>gO-t.  S/M  e(»-H-lO-0(«-27.  Date  UZShj 

Bus  to  Bus  .  ^3.6.  Delamination  chk.  Olc- _ 


Requirements: 

High  Speed  Film  (3  cameras)  Spall  Shield  Installed 


Test  Conditions 

Requested 

Actual 

Temperature  1 .B. 

"CL.t- 

Temperature  O.B. 

lt*F 

Bird  Wt.  (lbs) 

4.0 

4>olo 

Bird  Speed  (kts) 

250.C 

751.  ft 

Ambient  *F 


Impact  Loc.  - 
I nstal lation 
Angle 
Sweep  Back 
Angle 


egKrgit- 

45* 

■ 


Kg.^  **^1  R.H. _ 

Shot  No. ;  7€>5  Test  Date:.  UZ3h3  Tested  By: 


Test  Results: 

^4o  .  n/o  "B/ao  lL£SiDf->e'  o»>->  Lcknrwcs?  Plats’. 


PPG  Witness: 


Date: 


C-3 


I 


PPG  Industries-Bird  Impact  Data  Sheet 
KC-135  Test  Program 
for 

Battel le 


Sample  I  . D.  3  5^'*S~Q  “1. 

Bus  to  Bus  33<  S _ 


S/M  S4>~  Vf »0<a-0*?^ Date  Clz4l^3 
Dalamination  chk.  OtL- _ 


Requirements: 

High  Speed  Film  (3  cameras)  N <£ f  Spall  Shield  Installed  'H€.S 


Test  Conditions 

Requested 

Actual 

Temperature  I.B. 

H-T- 

73 

Temperature  O.B. 

iLj. 

73  V 

Bird  Wt.  (lbs) 

4-0 

4v0(0 

Bird  Speed  (kts) 

2S^(» 

Ambient  *F 


Impact  Loc.  ■ 
I nstal 1 at ion 
Angle 
Sweep  Back 
Angle 


cgMrgA- 

4rS^ 


3o* 


Shot  No.:  "7 ftp  Test  Date;  Cj2<fl^3  Tested  By: 


Test  Results: 

Ko  tiiap  Resiooe:  oh  Puft-rc  . 


PPG  Witness: 


Date: 


C-4 


PPG  I ndustr ies-Bird  Impact  Data  Sheet 
KC-13S  Test  Program 
for 

Battel 1e 


sample  I.D.  5- go/  s/N  2-67.  Date 

Bus  to  Bus  4l-‘7 _  Del  amination  chk.  _ 

Requirements: 

High  Speed  Film  (3  cameras)  "j  Spall  Shield  Installed  'iCS 


Test  Conditions 

Requested 

Actual 

Temperature  I.B. 

7^®F 

Temperature  O.B. 

7ZV 

Bird  Wt.  (lbs) 

4-^ 

4.COI 

Bird  Speed  (kts) 

1^0 

Ambient  *F 


72‘^F 


Impact  Loc. 
Installation 

Angle  - 

Sweep  Back 
Angle 


a€NTe:/L 


*"1  uls  L-H- 


shot  No.:_I23L1=_  Test  Date:  Tested  By:  HE'G' 

Test  Results: 

Coflje  FAl<Jeo .  o-o  t^n-AJSrs  Fc^t^ 


PPG  Witness 


Date: 


C-5 


PPG  I ndustries-Bird  Impact  Data  Sheet 
KC-135  Test  Program 
for 

Battel 1e 


Sample  I .D.  35^-50/ 

Bus  to  Bus 


S/N_834h«dS:LZSk  Date7/l<?m 


Delamination  chk. 


ok. 


Requirements : 

High  Speed  Film  (3  cameras)  Spall  Shield  Installed 


Test  Conditions 

Requested 

Actual 

Temperature  I.B. 

d-T- 

Temperature  O.B. 

Bird  Wt.  (lbs) 

4o 

4.<3oS 

Bird  Speed  (kts) 

■z^-o 

'Z.4S.4 

P*£PAi!Le-0  1  IjdIs 

L.Jh. 

Ambient  *F 


Impact  Loc.  — 
Installation  ^5“ 

Angle  - 

Sweep  Back 

Angle  - — - 


Shot  No.  :  7*^3  Test  Date:  Tested  By: 


Tost  Results: 

fuey  r^/^/ceTJ.  A4ihJo/i.  sp<^c<_  «-»/rr/(rvv  pcats.  • 

hio  PSMC  TkiM-lOAJ. 


PPG  Witness: 


Date: 


C-6 


PPG  I ndustries-Bird  Impact  Data  Sheet 
KC-135  Test  P^ogr^un 
for 

Batte lie 


Sample  I  .D.  5-  ~5^|  S/N  S-T2.0  Date  7/'2o/9^ 

Bus  to  Bus  S _  Oe lamination  chk.  <=4t. _ 


Requ i r  ements : 

High  Speed  Film  (3  cameras)  M£-S  Spall  Shield  Installed 


Test  Conditions 

Requested 

Actual 

73  V 

Temperature  I.B. 

(L.T 

-13^F 

ImoQct  Loc  C-CMTCA- 

Temperature  O.B. 

ur. 

73  V 

Installation  a  /-  O 

Bird  Wt.  (lbs) 

4.0 

4>.COO 

Sweep  Back  3o“ 

Bird  Speed  (kts) 

X50-I 

L.tt. 

Shot  No .  :  "7?^ 

Test  Date:_ 

Tested  Bv: 

Test  Results: 


PPG  Witness 


Date: 


C-7 


PPG  I ndustries-Bird  Impact  Data  Sheet 
KC-135  Test  Program 
for 

Battel 1e 


Sample  I  3C 

Bus  to  Bus  _ 


S/N  »o-tT-fZ-&|  Date 

Oelamination  chk.  .  tSik. _ 


Requirements ; 

High  Speed  Film  (3  cameras)  Spall  Shield  Installed 


Test  Conditions  Requested  Actual 
Temperature  I.B.  S^>T‘ 

Temperature  O.B.  ^  _ “XS^f 

Bird  Wt.  (lbs) _ 4.0IC 

Bird  Speed  (kts)  DC?.  41 


9..T- 

75  “F 

Ambient  F 

t-T. 

7S“F 

1 nstal lation 

4.010 

Sweep  Back 

ISO 

Z51.4 

Angle 

IS 


Ik 

Ai».eo 


Shot  No.  7?5  _  Test  Date:  7/2q/9J  Tested  By:  f^g<a- 
Test  Results: 

j4o  Pocj  mrArtT-.  ^ 

derAii^eR-  ibA-ot.y. 


PPG  Witness: 


C-8 


s .. 


PPG  I ndustries-Bird  Impact  Data  Sheet 
KC-135  Test  Program 
for 

Battel le 


Samp  1 e  I . D .  5-e>q3g«f-  5o<  s/H  si-w-  ic->ft-tcr7  oatejh^j 
Bus  to  Bus  4l  _  Oelamination  chk  .  Plc _ 


Requirements: 

High  Speed  Film  (3  cameras)  Spall  Shield  Installed 


Test  Conditions 

Requested 

Actual 

Temperature  I.B. 

^T- 

75  V 

Temperature  O.B. 

VLT. 

75V 

Bird  Wt.  (lbs) 

4<o 

4.  •=‘10 

Bird  Speed  (kts) 

7,4-^.  4 

Ambient  *F 


7S> 


Impact  Loc.  ■ 
I nstal lation 
Angle 
Sweep  Back 
Angle 


CLgKT€tt- 

-  4S^ 


U€?ft\>U50  ^1  L«H- _ 

shot  No. :  Test  Date;  Tested  By: 

Test  Results: 

Au.  PcL€"r  FA-iU*"©.  RiSoR 


PPG  Witness: 


Date:  l/ZC>l93 


C-9 


PPG  I ndustries-Bird  Impact  Data  Sheet 
KC-135  Test  Program 
for 

Battel 1e 


Sample  I  -  D. 

Bus  to  Bus  .  _ 


Date.  ituhz 

Oelamination  chk .  .  £». _ 


Requirements: 

High  Speed  Film  (3  cameras)  Spall  Shield  Installed 


Test  Conditions 

Requested 

Actual 

Temperature  l-B. 

Temperature  O.B. 

^T. 

lo°F 

Bird  Wt.  (lbs) 

4<o 

4.005 

Bird  Speed  (kts) 

7.  So 

TSl.O 

Ambient  *F 


Impact  Loc.  - 
Instal lation 
Angle 

Sweep  Back 
Angle 


CjCHTCIL. 


R€y»\(u£0  ^1  uJs  L.H.  _ 

Shot  No . :  TTL  Test  Date:  Tested  By: 


Test  Results: 

^<sf  FAiceO.  /A/rA«r 


PPG  Witness: 


Date: 


C-IO 


I 


V 


PPG  Industries-Bird  Impact  Data  Sheet 
KC-135  Test  Program 
for 

Battel 1e 


Sample  I .D.  Datel/Zjlq? 

Bus  to  Bus  Delamination  chk.  aK- _ 

Requirements : 

High  Speed  Film  (3  cameras)  Spall  Shield  Installed 


Test  Conditions 

Requested 

Actual 

Temperature  I.B. 

(LX- 

Temperature  O.B. 

CLT. 

Bird  Wt.  (lbs) 

4.c^ 

4.«»S 

Bird  Speed  (kts) 

_ 

Ambient  *F 

Impact  Loc.  ■ 
I nstal lation 
Angle 
Sweep  Back 
Angle 


4S^ 


i.go  ^  L  H. 


shot  No . :  "7‘?^  Test  Date:  Tested  By:  t46~<S- 

Test  Results: 

PciCf  ■pMv.eO.  doKC.  Pcy  S  Bor- /VoajC  Oaj 

U>lTJ^le^<f  Po-Tw 


PPG  witness 


Date:  ii-2ihj 


C-11 


PPG  Industries-Bird  Impact  Data  Sheet 
KC-135  Test  Program 
for 

Battel 1e 


Samp  1 e  I . D .  S-gT354-5a/ 
Bus  to  Bus  _ 


S/M  DatejI^dSj 


Delamination  chk. 


Requirements: 

High  Speed  Film  (3  cameras)  Spall  Shield  Installed 


Test  Conditions 

Requested 

Actual 

Temperature  I.B. 

U5*F 

Impact  Loc 

Temperature  O.B. 

(Lt. 

Installation  4?* 

Bird  Wt.  (lbs) 

4.0 

Sweep  Back 

Bird  Speed  (kts) 

“iTo 

254* 

Shot  No.:,  Test  Date:  7(zt.i?3  Tested  By:  i4g?5- 


Test  Results: 

NIo  pA^*A.Ar<se 


PPG  Witness: 


Date : 


C-12 


I 


PPG  I ndustries-Bird  Impact  Data  Sheet 
KC-135  Test  Program 
for 

Battel 1e 


Sample  I  .D.  35*?-  I  S/N  “B  75-H  Date 

Bus  to  Bus  ~IM _  Delamination  chk.  Sgg  mTft  stfggr- 


Requirements: 

High  Speed  Film  (3  cameras)  N  Spall  Shield  Installed 


Test  Conditions 

Requested 

Actual 

Temperature  1 -B. 

ILt. 

71“^ 

Temperature  O.B. 

R.T. 

irp 

Bird  Wt.  (lbs) 

4. a 

4.0/5 

Bird  Speed  (kts) 

^47.5 

Ambient  *F 


71^ 


Impact  Loc.  ■ 
Instal 1  at ion 
Angle 

Sweep  Back 
Angle 


CeNTgO- 

3S" 


U-U- _ 

Shot  No-  :<?\S  Test  Date:  {  113  Tested  By:  H-gG 


Test  Results; 

C\sT FMceO-  Si»-D  PeioeTMt-r^o#**  8€rtA<E€'^ 

O.B.  4-  a-pt  £t)<ie  ^  /VT  mP 

/^pr  eJ=»|LM€l^.  >4-  EccJV. 


Date;  q/</93 


C-13 


PPG  1 ndustries-B ird  Impact  Data  Sheet 
KC-135  Test  Program 
for 

Battel 1e 


Sample  I .0. 
Bus  to  Bus  . 


s/H  Ql-  I 

Oelamination  chk.  _ 


Date_?*lli33 

olc 


Requirements: 

High  Speed  Film  (3  cameras)  Spall  Shield  Installed 


Test  Conditions 

Requested 

Actual 

Temperature  l.B. 

irr 

Temperature  O.B. 

d.T. 

Bird  Wt.  (lbs) 

4.o*'<=> 

Bird  Speed  (kts) 

'IS<^ 

*251  3 

Ambient  ‘F 


Impact  Loc.  - 
I nstal lation 
Angle 
Sweep  Back 
Angle 


CgMTg^- 

35” 


LC>lr*0e«^  L^.  _ 

Shot  No.:_Ai^£_  Test  Date:_3iili2_  Tested  By:  HGS 


Test  Results : 

l4o  oF  Bito  Pe^S.TL&TiO*^ 

4  <i»Asr«r.  gojT“ 

BocTi. 


PPG  Witness:  Date:  <S/f/9? 


C-14 


Sample  t  ,D.  5-^ 
Bus  to  Bus 


Date^r/lly 


Oe lamination  chk. 


Requirements: 

High  Speed  Film  (3  cameras)  S€5  Spall  Shield  Installed  'ies 


Temperature  I.B. 
Temperature  O.B. 
Bird  Wt.  (lbs) 
Bird  Speed  (kts) 


L  H- 


Shot  No.  Test  Date:  Sill 

Test  Results: 


Requested 

Actual 

(L/r. 

iz^'r 

e,T. 

7T.*F 

^.o 

.  risp... 

Ambient  *F  - 

Impact  Loc.  - 
I nstal lation 
Angle 

Sweep  Back 
Angle 


35^ 


Tested  By: 


.  jsjc 

^fT  4  Bottom  eP*e 


PPG  Witness: 


:: 


C-15 


I 


PPG  I ndustries-Bird  Impact  Data  Sheet 
KC-135  Test  Program 
for 

Battel 1e 


Sample  I  .D.  -7nt.4  -goi  s/nQ2-o9<^-Uo“35o  Date  3Lll33 


Bus  to  Bus 


"7&«  \ 


De lamination  chk. 


Requirements: 

High  Speed  Film  (3  cameras)  Spall  Shield  Installed 


Test  Conditions 

Requested 

Actual 

-77,‘»F 

Temperature  I.B. 

(Lt- 

i-L^r 

Impact  Loc  — 

Temperature  O.B. 

(Ur. 

niTr 

Installation  co  ® 

Angle 

Bird  Wt.  (lbs) 

4.0 

A  z>to 

Sweep  Back  ^ 

Angl^  - 

Bird  Speed  (kts) 

*2,5^ 

Shot  No 


Test  Date:, 


Tested  By: 


hfe<S’ 


Test  Results: 

\^lo  -psTsr.  /Ul5  FIIL€  .  LA-K<aS. 

GUKJ  Gh-iP  oF^  /^r 

^9^i,re.  U-.r  u/c>.  g? 

t  ile'ujoct?- 


PPG  Witness: 


Date:  ^llh^ 


C-16 


PPG  I ndustr1es-Bird  Impact  Data  Sheet 
KC-135  Test  Program 
for 

Battel 1e 


Sample  I .D.  S/N32=»?£ll±Or^  Date  *?/ 2?/qj{ 

Bus  to  Bus  Delamination  chk.  _ 


■Requirements:  ^ 

High  Speed  Film  0^  cameras)  Spall  Shield  Installed 


Test  Conditions 

Requested 

Actual 

Temperature  I.B. 

73  V 

Temperature  O.B. 

tur. 

?jV 

Bird  Wt.  (lbs) 

4.0 

4^/5 

Bird  Speed  (kts) 

ITo 

X484 

Ambient  *F 


iz’^f 


Impact  Loc.  ■ 
Instal 1 at ion 
Angle 
Sweep  Back 
Angle 


CgMr<£^ 

35 


OiMOcoa  L.H- _ 

shot  No .  :  Test  Date:  Tested  By: 

Test  Results: 

(slo  . 


C-17 


I 


PPG  I ndustries-Bird  Impact  Data  Sheet 
KC-135  Test  Program 
for 

Battel 1e 


sample  ■  n  S*-"?/ So/  S/N  l4o  -  IftC,  Date 

Bus  to  Bus  Oelamination  chk.  .  Of<- _ 

Requ i r ements : 

High  Speed  Film  (B-cameras)  Hes  Spall  Shield  Installed  'jcs 


Test  Conditions 

Requested 

Actual 

Temperature  I.B. 

<Lt- 

13  y 

Temperature  O.B. 

i-T. 

13  V 

Bird  Wt.  (lbs) 

4.0 

Bird  Speed  (kts) 

T-To 

BBB 

Ambient  *F 

Impact  Loc.  ■ 
Instal 1  at ion 
Angle 

Sweep  Back 
Angle 


_ 


o 


^  1  L..H.  —  Fuft-  SihT 

Shot  No.  :  85^  Test  Date:  ^ Tested  By:  _ 


Test  Results: 


lAo  DAiu 


PPG  Witness: 


Date: 


C-18 


PPG  Industries-Bird  Impact  Data  Sheet 
KC-135  Test  Program 
for 

Battel 1e 


Sample  I .D.  S/N  Sg-H-ol-ot-nc.  Date  «^/lS/93 

Bus  to  Bus  _  Delamination  chk.  Seg  i>»m  3ij€gr 


Requirements: 

High  Speed  Film  (-S' cameras)  Spall  Shield  Installed 


Test  Conditions 

Requested 

Actual 

Temperature  I.B. 

13  “F 

Temperature  O.B. 

^T. 

ij“f 

Bird  Wt.  (lbs) 

4«P 

Bird  Speed  (kts) 

xro 

14ft- 7 

Ambient  *F 

Impact  Loc.  ■ 
I nstal 1  at ion 
Angle 
Sweep  Back 
Angle 


L-H- 


Shot  No. :  sn 


Test  Date: 


Tested  By:  I4g<5 


Test  Results: 

l\lo 


PPG  Witness 


Date: 


C-19 


PPG  1 ndustrias-Bird  Impact  Data  Sheet 
KC-135  Test  Program 
for 

Battel 1e 


Shot  No.  :  Test  Date:_5(25i32_  Tested  By: 

Test  Results: 

NIo  "DiVU  A- <i.<s 


C-20 


PPG  I ndustries-Bird  Impact  Data  Sheet 
KC-135  Test  Program 
for 

Battel 1e 


Sample  I  .D.5£IlIMlV2^'F  S/N  5-t4-S-73-S4  Date 

Bus  to  Bus  Oelamination  chk.  Seg  sneer 


Requirements: 

2- 

High  Speed  Film  (^cameras)  Spall  Shield  Installed  JtCi 


Test  Conditions 

Requested 

Actual 

Temperature  I.B. 

Kt- 

70*=*^ 

Temperature  O.B. 

7toV 

Bird  Wt.  (lbs) 

^.o 

4-oiS 

Bird  Speed  (kts) 

XJjo 

TJSl-X 

Ambient  *F 


7^ 


Impact  Loc.  ■ 
Instal lation 
Angle 
Sweep  Back 
Angle 


3C* 


Shot  No.  Test  Date:  h3  Tested  By:  l-fgg 


Test  Results: 

C>oTii,o^|k_0  Pcy  'SxuaK.er^  .  PeA^tTTXA-r/Q^o . 

IKnS«.LA'/©L  Fc#^A».p  . 


PPG  Witness: 


Date: 


C-21 


PPG 


I ndustr ies-Bird  Impact  Data  Sheet 
KC-135  Test  Program 
for 

Battel 1e 


I  Ot&.H-  S/M  D&te^ll&hy 

Bus  to  Bus  U^«  _  Delamination  chk.  SgC  T)MT^  Stt€t5T~ 


Requirements: 

High  Speed  Film  (i  cameras)  Spall  Shield  Installed 


Test  Conditions 

Requested 

Actual 

Temperature  I.B. 

_ 

Temperature  O.B. 

UT- 

Bird  Wt.  (lbs) 

4.0 

li-.cioS" 

Bird  Speed  (kts) 

1^0 

•290..  % 

Ambient  *F 


Impact  Loc.  ■ 
I nstal lation 
Angle 

Sweep  Back 
Angle 


*6N- 

58 


1£ 


*  L*  H  ' 


shot  No .  :  Test  Date:,  ^l3ol^3  Tested  By: 


Test  Results: 

EkJthu^  5tfc.r7CAJ  rtk<tAJ  oo7~  AT"  /AoxcTTcr". 

VtcroiLc  Fdiviue  (Ls'M/VAJz-otf  F/f^roA^e. 


PPG  Witness: 


Date:  C/^V9> 


C-22 


I 


PPQ  I ndustries-Bird  Impact  Data  Sheet 
KC-135  Test  Program 
for 

Battel 1e 


Sample  I .0.  s/w  Date  ^l3chl 

Bus  to  Bus  .  _  Da lamination  chk.  oata  5tf€gr 


Requirements: 

2, 

High  Speed  Film  cameras)  Spall  Shield  Installed 


Test  Conditions 

Requested 

Actual 

Temperature  I.B. 

tt-x 

Temperature  O.B. 

\LT. 

Bird  Wt.  (lbs) 

Bird  Speed  (kts) 

ISc _ 

1.51.0 

Ambient  *F 


Impact  Loc.  ■ 
Instal lation 
Angle 
Sweep  Back 
Angle 


. 3£.: . 


4  U.M. _ 

shot  No.  Test  Date:.  Tested  By:  tfec 


Test  Results: 

Mo  pA-M-iVCe 


PPG  Witness: 


Date:  9/W9? 


C-23 


I  • 


PPG  I ndustries-Bird  Impact  Data  Sheet 
KC-135  Test  Program 
for 

Battel 1e 


Sample  I .D.  S/M  tT,‘L-3Sx  Date. 

Bus  to  Bus  .  i^n  Delamination  chk.  See  ;)AT^  sttcgr- 


Requirements: 

n 

High  Speed  Film  O  cameras!  Spall  Shield  Installed  -m- 


Test  Conditions 

Requested 

Actual 

Temperature  I.B. 

Temperature  O.B. 

Bird  Wt.  (lbs) 

4-010 

Bird  Speed  (kts) 

xro 

Ambient  *F 

Impact  Loc.  - 
Instal lation 
Angle 

Sweep  Back 
Angle 


OepTfe.*- 


toA-itgo  ^4  L  H. _ 
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SUMMARY 


The  Air  Force,  in  trying  to  reduce  fleet  maintenance  costs,  is  considering  using 
repaired  windows/windshields  (W/WS).  Based  on  reported  cost  savings  and  favorable 
experience  that  commercial  fleets  have  had  with  repaired  W/WS,  the  use  of  repaired  W/WS 
seems  very  attractive.  Before  adopting  an  operating  policy  to  use  repaired  W/WS,  however, 
the  Air  Force  decided  that  strucmral  performance  testing  of  repaired  W/WS  and  a  cost 
analysis  were  required. 

The  approach  followed  for  evaluating  whether  the  use  of  repaired  W/WS  is  justified 
was  to  procure  some  used  C/KC-135  W/WS,  make  repairs  on  them,  and  then  subject  the 
repaired  W/WS  to  a  series  of  tests  to  determine  the  difference  in  performance  when 
compared  with  new  W/WS.  The  cost  to  make  the  repairs  provides  the  data  for  the  cost 
benefit  analysis.  The  test  results  provide  the  data  for  an  evaluation  of  fitness  for  purpose  of 
repaired  W/WS. 

The  testing  conducted  for  this  program  represents  the  first  full-range,  systematic  testing 
of  the  structural  integrity  of  repaired  W/WS  for  transport-type  aircraft.  Optical  and  electrical 
properties,  pressure  integrity,  and  bird  impact  resistance  have  been  evaluated.  In  addition, 
the  bird  impact  test  results  are  the  first  data  that  the  Air  Force  has  collected  for  C/KC-135 
W/WS. 

The  test  results  indicate  that  repaired  W/WS  have  been  restored  to  a  condition  better 
than  the  prevailing  C/KC-135  Technical  Order  replacement  criteria,  but  they  do  not  perform 
as  well  as  new  W/WS.  Many  of  the  repaired  W/WS  still  contain  defects  that  would  not  pass 
an  OEM  quality  assurance  inspection.  Some  delamination  occurred  in  a  few  of  the  repaired 
W/WS  during  pressure  cycling,  but  it  was  not  severe.  The  residual  strength  of  the  pressure 
cycled  W/WS  tends  to  suggest  that  the  repaired  W/WS  are  not  quite  as  good  as  new  W/WS. 
The  bird  impact  test  results  are  quite  clear  -  new  W/WS  outperform  either  repaired  or 
unrepaired  W/WS.  At  the  250  knot  impact  velocity  used  in  this  program,  all  of  the  new  and 
repaired  #1  and  #4  W/WS  do,  however,  meet  the  no  bird  penetration  requirement,  while  two 
of  the  repaired  W/WS  techmcally  failed  the  no  spall  criterion.  From  a  practical 
viewpoint,  the  spall  was  very  modest.  One  W/WS  that  was  not  repaired  because  of  an  out  of 
specification  heater  resistance,  failed  catastrophically  in  the  bird  impact  test. 

Although  repaired  W/WS  do  not  perform  as  well  as  new  W/WS,  they  were,  in  fact, 
restored  to  a  condition  better  than  the  prevailing  C/KC-135  Technical  Order  W/WS 
replacement  criteria.  On  the  basis  of  the  fact  that  they  would  not  be  removed  from  service  if 
found  on  an  aircraft,  and  the  fact  that  they  prevented  bird  penetration,  repaired  W/WS 
appear  to  be  "good  enough,"  at  least  at  a  250  knot  bird  impact  velocity. 

The  cost  analysis  indicates  that  savings  may  be  realized.  For  this  program,  the  cost  of 
making  the  repairs  was  75-percent  of  the  new  W/WS  purchase  price  for  #1  W/WS  and  65- 
percent  for  the  #4  W/WS.  Considering  all  five  of  the  C/KC-135  W/WS  types  and  the  full 
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range  of  estimates,  quotes,  and  actual  costs,  repairing  a  C/KC-135  W/WS  might  cost  as  little 
as  41-percent  of  a  new  W/WS,  but  it  could  also  cost  as  much  as  132-percent. 

The  cost  savings  are  only  the  direct  repair  costs.  To  this  must  be  added  the  direct  cost 
of  transportation  and  the  indirect  costs  of  procuring  the  service  (contracting),  administrating 
it  (accounts  payable,  records  management,  etc.)  and  operating  it  (storage,  shipping  and 
handling,  outgoing/incoming  inspection,  etc.).  Offsetting  these  items  are  a  reduced  burden, 
both  economic  and  environmental,  from  lower  landfill  costs  for  W/WS  that  are  taken  out  of 
service.  These  factors  will  certainly  impact  the  economics  and  to  ignore  them  would  be  a 
false  economy.  The  Air  Force  should  do  a  complete  cost/benefit  analysis  to  satisfy 
themselves  that  there  is  a  true  economic  advantage  to  using  repaired  W/WS. 

A  significant  peripheral  finding  from  this  study  is  that  a  blanket  10-year  transport-type 
aircraft  W/WS  replacement  policy  cannot  be  justified,  if  W/WS  manufacture  date  is  used  as 
the  indicator  of  age.  The  new  W/WS  used  in  this  program  were  manufactured  in  1986,  and 
they  showed  no  evidence  of  degradation  due  to  being  in  storage  for  7  years.  To  remove  and 
replace  these  W/WS  in  1996,  solely  on  the  basis  of  age,  would  be  wasting  operating  and 
maintenance  dollars.  A  better  scheme  for  tracking  service  history  and  a  service-history-based 
replacement  criterion  must  be  devised  for  a  blanket  W/WS  replacement  policy. 

Recommendations  that  can  be  made  as  a  result  of  the  work  performed  on  this  program 
are  contingent  upon  the  Air  Force  making  a  decision,  based  on  the  available  data,  that  the 
performance  of  repaired  W/WS  is  acceptable.  If,  in  the  opinion  of  the  Air  Force,  the 
performance  of  repaired  W/WS  is  deemed  "good  enough,"  recommendations  are  made  for 
approved  W/WS  repair  vendors  and  repair  processes.  Recommendations  for  operating  a 
W/WS  repair  program  are  also  made. 
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1.0  INTRODUCTION 


1.1  Background 

Several  facilities  exist  for  repairing  aircraft  windows/windshields  (W/WS),  and  with 
U.S.  Federal  Aviation  Authority  (FAA)  approval,  many  commercial  airlines  are  currently 
utilizing  these  services.  The  cost  of  repairing  a  W/WS  is  substantially  less  than  the  purchase 
price  of  a  new  W/WS  for  commercial  fleets,  so  the  incentive  for  them  to  use  repaired  W/WS 
is  large.  The  favorable  experience  that  the  commercial  fleet  has  had  with  repaired  W/WS 
suggests  that  they  will  continue  to  use  repaired  W/WS  in  the  foreseeable  future. 

The  U.S.  Air  Force  has  historically  rejected  the  notion  of  using  repaired  W/WS.  With 
decreasing  Congressional  funding  for  the  military,  measures  to  reduce  fleet  operating  costs 
are  receiving  greater  scrutiny.  Based  on  the  experience  that  the  commercial  fleet  has  had 
with  repaired  W/WS,  the  issue  of  using  repaired  W/WS  on  military  aircraft  is  now  being 
systematically  considered.  To  ensure  that  repaired  W/WS  are  safe  and  that  they  provide  a 
similar  cost  savings  benefit  to  the  Air  Force,  a  program  of  thorough  evaluation  and  testing 
was  required. 

In  September  1991,  the  Air  Force  contracted  with  Battelle  to  investigate  the 
consequences  and  impact  of  using  repaired  W/WS.  The  program  was  to  evaluate  feasibility 
by  testing  the  functional  performance  of  repaired  W/WS  and  by  performing  an  economic 
analysis.  Adequate  functional  performance  and  a  favorable  economic  analysis  would  then 
provide  the  justification  for  a  recommendation  to  use  repaired  W/WS. 

The  maintainability  of  Air  Force  fleet  aircraft  is  an  on-going  concern  because  many  of 
the  aircraft  in  the  current  inventory  are  projected  to  have  significant  roles  for  many  more 
years  (10  to  20  years).  By  decreasing  the  lead  time  and  procurement  costs  for  W/WS,  the 
maintainability  of  the  fleet  is  enhanced.  Furthermore,  by  gaining  more  control  over  the 
spare  parts  inventory,  fewer  new  parts  will  be  required  and  the  costs  of  the  W/WS  program 
will  be  reduced. 

1.2  Objective 

The  objective  of  this  program  was  to  provide  a  rationale  for  either  accepting  or 
rejecting  the  use  of  repaired  W/WS  in  Air  Force  fleet  aircraft. 

1.3  Approach 

The  approach  followed  for  evaluating  whether  use  of  repaired  W/WS  is  a  viable  option 
for  the  Air  Force  was  to  procure  some  used  W/WS,  make  prototypical  repairs  on  them,  and 
then  subject  the  repaired  W/WS  to  a  battery  of  tests  to  see  if  there  is  any  difference  in 
performance  when  compared  with  new  W/WS.  Making  prototypical  repairs  provides 
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baseline  data  for  repair  costs.  The  battery  of  tests  provides  an  evaluation  of  fitness  for 
purpose  of  the  repaired  W/WS. 

The  W/WS  selected  for  evaluation  in  this  program  were  from  C/KC-135  aircraft. 

These  W/WS  are  of  typical  laminated  glass  and  plastic  construction  and  include  integral 
heaters.  Repairs  considered  in  this  program  included  surface  damage,  delamination, 
electrical  heater  problems,  broken  layers,  and  seal/mounting  problems.  Repairs  were 
subcontracted  to  commercial  fleet  W/WS  repair  stations  with  instructions  to  return  repairable 
W/WS  to  Original  Equipment  Manufacmrer  (OEM)  specifications  per  the  approved  processes 
in  the  repair  vendor’s  FAA  W/WS  Air  Agency  Certificates.  The  direct  costs  for  performing 
the  repairs  on  the  test  prototypes  forms  the  foundation  of  the  economic  analysis. 

The  approach  to  evaluating  the  functional  performance  of  the  repaired  W/WS  involved 
a  rigorous  set  of  tests  designed  to  determine  if  the  repair  processes  have  degraded  the  W/WS 
when  compared  with  new  W/WS.  Both  repaired  and  new  W/WS  were  subjected  to  pressure, 
impact,  optical,  and  heater  operation  tests,  similar  in  spirit  to  W/WS  qualification  tests. 
Provided  that  the  repaired  and  new  W/WS  perform  the  same,  the  use  of  repaired  W/WS  can, 
at  least  on  a  performance  basis,  be  justified. 

1.4  Report  Contents 

In  the  sections  that  follow,  the  results  of  this  2y2-year  study  are  presented.  The  report 
begins  with  a  discussion  of  the  selection  of  repair  candidate  prototypes  for  the  program  and 
ends  with  recommendations  for  the  Air  Force  on  implementing  a  W/WS  repair  program. 
Topics  presented  include: 

•  C/KC-135  W/WS  construction  details 

•  Selection  and  condition  of  the  W/WS  repaired  in  this  program 

•  A  generic  discussion  of  glass-laminate  aircraft  W/WS  repairs,  identification  of 
the  repair  vendors  that  were  involved  with  this  program,  and  details  of  the  actual 
repairs  made  to  the  W/WS 

•  Repaired  W/WS  performance  evaluation,  including  test  procedures,  pass/fail 

criteria,  and  test  results 

•  A  cost  analysis 

•  Conclusions  and  recommendations. 
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2.0  PROTOTYPE  SELECTION 

The  C/KC-135  aircraft  was  selected  as  the  prototype  for  evaluating  the  feasibility  of 
using  repaired  W/WS  because  the  number  of  aircraft  in  the  fleet  is  fairly  high,  the  C/KC-135 
is  projected  to  be  in  service  for  many  more  years,  and  because  the  repair  vendors  have  direct 
experience  repairing  the  essentially  equivalent  Boeing  707  W/WS.  The  C/KC-135  has  10 
cockpit  W/WS  identified  in  Figure  2.1,  5  on  the  pilot  side  and  5  on  the  copilot  side.  The  set 
of  five  W/WS  on  the  copilot  side  are  a  mirror  image  of  the  pilot  side  W/WS.  W/WS  #1  is 
the  forward  W/WS,  #2  and  #3  are  side  W/WS,  and  #4  and  #5  are  eyebrow  W/WS.  All  of 
the  W/WS  except  #2  are  fixed  in  position.  W/WS  #2  opens  to  provide  ventilation  and 
ground  communication  by  sliding  aft  on  a  track.  Table  2.1  lists  the  current  part  numbers  for 
the  C/KC-135  W/WS. 

2.1  C/KC-135  W/WS 

Figure  2.2  shows  the  general  construction  of  the  C/KC-135  W/WS.  The  C/KC-135 
W/WS  have  a  three-part  glass  and  vinyl  laminate  construction.  The  inner  layer  is  thick, 
heat-strengthened  plate  glass  designed  to  withstand  cabin  pressure  forces.  A  transparent, 
plasticized,  polyvinyl  butyral  core  layer  acts  as  the  "fail-safe"  load  carrying  member  and 
prevents  shattering  in  the  event  of  inner  ply  failure.  The  outer  ply  is  a  relatively  thin  layer 
of  heat-strengthened  glass  with  no  structural  significance,  but  it  provides  rigidity  and  a 
scratch-resistant  surface.  A  phenolic  or  masonite  filler  strip,  located  around  the  edge  of  the 
W/WS,  and  a  metal  filler  strip  embedded  in  the  vinyl  provide  the  means  to  attach  the  W/WS 
to  the  airframe.  Vinyl  or  vinyl  and  rubber  bumpers  protect  the  sides  of  the  outer  ply. 

The  structural  integrity  design  of  C/KC-135  cockpit  W/WS  is  based  on  two 
requirements:  "fail-safe"  pressure  integrity  and  bird  impact  resistance.  The  "fail-safe" 
pressure  integrity  is  founded  on  two  redundant  systems,  an  inner  glass  ply  that  can  sustain 
the  full  rated  cabin  pressure  in  the  absence  of  all  other  layers,  and  a  polymeric  core  ply  that 
can  maintain  pressure  integrity  if  the  inner  and  outer  glass  plies  are  cracked.  The  bird 
impact  structural  integrity  of  W/WS  is  either  characterized  as  "bird  bagging"  or  "bird 
bounce."  Bird  bagging  W/WS,  typically  two  glass  layers  with  a  polymeric  core  ply,  stop 
bird  penetration  by  large  ductile  deformation  of  the  core  ply,  i.e.,  "bagging"  the  bird.  Bird 
bounce  W/WS  are  typically  multilaminates  and  cause  the  bird  to  "bounce"  off  the  W/WS. 

The  C/KC-135  W/WS  main  cockpit  W/WS  are  "bird  bagging"  W/WS. 

The  glass  used  in  C/KC-135  W/WS  is  heat  strengthened  to  provide  resistance  to 
cracking.  The  glass  is  heated  to  near  the  softening  point  and  then  quenched  to  produce 
compressive  residual  stresses  that  extend  from  the  outer  surface  into  a  depth  of  about  1/6*  of 
the  glass  thickness.  Below  the  compressive  stress  layer  lies  tensile  residual  stresses.  As 
long  as  surface  defects  do  not  penetrate  into  the  tensile  layer,  the  glass  will  exhibit  a  high 
resistance  to  fracmre.  Once  a  crack  does  fully  penetrate  the  tensile  layer,  the  glass  will 
shatter  as  the  tensile  stresses  are  relieved. 


3 


The  vinyl  core,  which  acts  as  the  "fail-safe"  pressure  boundary  and  means  for 
controlling  glass  fragments  in  the  event  of  a  glass  ply  failure,  is  highly  plasticized  polyvinyl 
butyral.  The  vinyl  is  relatively  brittle  at  low  temperatures  (-65°  F),  and  unable  to  absorb 
much  energy  per  unit  volume.  At  temperatures  approaching  130°  F,  the  vinyl  becomes  very 
ductile  and  can  absorb  a  relatively  large  amount  of  energy  as  it  is  loaded.  W/WS  heaters, 
which  not  only  de-fog  and  de-ice  the  glass,  ensure  that  the  vinyl  remains  ductile. 

An  integral  part  of  the  C/KC-135  W/WS  construction  is  slip  planes  or  a  parting 
medium  at  the  edges  of  the  glass.  A  slip  plane  is  located  between  both  the  inner  glass  ply 
and  the  vinyl  and  the  outer  glass  ply  and  the  vinyl  as  shown  in  Figure  2.3.  The  slip  planes 
are  thin  strips  of  material  at  the  glass-vinyl  interface  that  keep  the  glass  from  bonding  to  the 
vinyl.  This  allows  the  various  plys  to  move  independently  at  these  locations  in  response  to 
pressure  loads  and  differential  diermal  expansion.  Without  the  slip  planes,  the  glass  at  the 
edges  of  the  W/WS  would  be  prone  to  fracture  because  it  would  exceed  its  strain  limit  as  it 
tried  to  move  with  the  underlying  vinyl.  The  slip  planes  form  a  "softer"  connection  that 
promotes  a  more  gradual  build  up  of  strains  in  the  glass  so  that  it  does  not  exceed  its  strain 
capacity.  Although  the  slip  planes  look  similar  to  delamination,  they  are  not  defects  but  an 
intentional  part  of  the  W/WS  design. 

The  C/KC-135  cockpit  W/WS  contain  heating  systems  for  anti-icing  and/or  anti¬ 
fogging.  An  electrically  conductive  film  of  pyrolytic  tin  oxide  between  the  outer  ply  and 
vinyl  core  ply  is  used  to  heat  the  #1  and  #2  W/WS  to  reduce  ice/frost  formation.  A  similar 
conductive  film  between  the  inner  ply  and  core  ply  is  used  on  #3,  #4,  and  #5  W/WS  for 
defogging  only.  The  W/WS  heating  system,  so  called  NFS  A®  coated  glass,  uses  the 
resistivity  of  the  film  to  provide  the  heating.  The  #1  W/WS  also  contain  fine  wires  at  the 
W/WS  edges  between  the  outer  glass  ply  and  vinyl,  so-called  edge  heaters,  to  correct  a 
heating  power  deficiency  in  the  comer.  The  temperature  of  the  #1  and  #2  W/WS  is 
controlled  with  an  integral  sensor.  Externally  applied  thermal  switches  control  the 
temperature  of  #3,  #4,  and  #5  W/WS. 

A  temperature  sensor  embedded  in  the  laminate  of  the  #1  W/WS  regulates  the 
temperature  of  the  #1  and  #2  W/WS  when  the  heater  is  on.  The  sensor,  a  negative 
temperature  coefficient  (NTC)  thermistor,  exhibits  increasing  resistance  with  increasing 
temperature.  When  wired  in  an  appropriate  power  amplifier  control  circuit,  as  the  W/WS 
and  sensor  temperature  rises,  the  sensor  resistance  increases.  This  causes  the  control 
amplifier  to  shut  off  current  to  the  W/WS,  and  hence  power  dissipated  by  the  heater  film, 
thus  reducing  the  temperature.  When  the  temperature  drops  below  a  lower  setpoint,  the 
control  amplifier  turns  power  back  on  to  the  W/WS. 

Seals  on  the  W/WS  keep  cabin  pressure  in  and  moisture  out.  In  addition,  they  act  as 
vibration  and  shock  absorbers  and  help  to  compensate  for  differential  thermal  expansion. 
W/WS  #3,  #4,  and  #5  utilize  a  silicone  mbber  molded-in-place  pressure  seal  that  is  molded 
to  the  W/WS  mounting  surface.  Drawing  the  W/WS  tight  to  the  airframe  with  its  mounting 
bolts  effects  the  seal.  On  the  #2  W/WS,  a  bellcrank  mechanism  presses  the  W/WS  against 
the  airframe  when  it  is  closed  and  latched.  The  #1  W/WS  uses  a  molded-in-place  seal 
similar  the  other  W/WS,  except  that  a  stainless  steel  Z-channel  is  sandwiched  between  a 
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silicon  rubber  cushion  and  a  beaded  pressure  seal.  The  mounting  bolts  provide  the  pressure 
to  hold  the  W/WS  tight  against  the  airframe.  All  of  the  C/KC-135  W/WS  mount  from  the 
inside  of  the  aircraft. 

2.2  Program  Prototypes 

OC-ALC  made  arrangements  to  have  C/KC-135  W/WS  that  were  removed  from  fleet 
aircraft  at  Tinker  AFB  shipped  to  Battelle.  Over  100  W/WS  were  screened  to  find  75 
prototype  repair  candidates.  All  five  C/KC-135  W/WS  types  were  included  in  the  75  W/WS 
population.  At  the  time  of  their  removal,  the  W/WS  were  judged  not  serviceable  per  the 
criteria  of  the  applicable  C/KC-135  Fuselage  Window  Tech  Order,  Section  8  of  T.O. 
lC-135(K)A-2-2.  Indicated  reasons  for  removal  from  service  included:  failed  heaters, 
bubbles,  scratches,  separation,  leaks,  old,  discolored,  and  corrosion. 

The  service  history  of  the  prototype  repair  candidates  is  not  known  because:  1)  very 
few  of  the  W/WS  had  airframe  numbers,  2)  W/WS  are  not  tracked  by  serial  number,  and  3) 
planes  are  moved  from  location  to  location  as  a  part  of  normal  squadron  rotation.  In  most 
instances,  the  date  of  removal  from  service  was  not  noted.  The  installation  date  is  not 
known  for  any  of  the  W/WS.  All  that  is  known  for  certain  is  the  year  the  W/WS  was  made; 
the  first  one  or  two  digits  of  the  serial  number  indicate  the  year  the  W/WS  was  made  -  a 
single  digit  is  a  1970's  vintage  W/WS. 

Table  2.2  lists  the  type,  serial  number,  and  condition  of  the  75  C/KC-135  repair 
candidates.  W/WS  that  have  serial  numbers  that  begin  with  numbers  were  made  by  PPG, 
while  those  that  start  with  letters  were  made  by  Libbey-Owens-Ford. 

At  the  outset  of  the  program,  the  plan  was  to  repair  and  test  some  of  each  of  the  five 
different  C/KC-135  W/WS.  A  large  number  of  the  repair  prototype  candidate  W/WS, 
however,  were  judged  not  repairable  by  virtue  of  out-of-specification  or  open  circuit  heaters. 
In  conjunction  with  OC-ALC,  the  decision  was  made  to  proceed  with  repairing  and  testing 
only  #1  and  #4  W/WS.  Although  other  repair  candidates  could  have  been  obtained,  it  was 
felt  that  the  program  objectives  could  be  adequately  met  if  only  two  of  the  five  W/WS  types 
were  evaluated.  The  #1  and  #4  W/WS  were  selected  because  they  have  construction  (and 
consequently  repairs)  that  is  typical  of  all  of  the  C/KC-135  W/WS,  there  was  enough  W/WS 
in  the  population  to  conduct  all  of  the  tests  in  the  test  matrix,  and  the  #1  and  #4  W/WS  are 
the  only  reasonable  bird  impact  test  candidates. 

2.3  C/KC-135  #1  and  #4  W/WS 

Table  2.3  lists  the  general  dimensions  for  the  #1  and  #4  W/WS.  The  #1  W/WS  is  a 
flat,  nearly  rectangular  W/WS.  The  #4  W/WS,  on  the  other  hand,  is  roughly  square  in  the 
plan  view  and  has  curvature  (approximately  0.65  inches  out  of  plane  across  the  largest 
diagonal  in  the  viewing  area).  The  general  construction  was  noted  in  Section  2.1.  Figures 

2.4  and  2.5  show  detailed  cross-sections  of  the  #1  and  #A  W/WS. 
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In  general,  because  the  #1  WAVS  is  flat,  it  is  one  of  the  easiest  W/WS  to  manufacture 
and  repair.  Being  flat,  the  optics  of  #\  W/WS  are  very  good.  The  curvature  on  the  #4 
W/WS  tends  to  result  in  some  degree  of  optical  distortion,  and  the  curvature  makes  it 
somewhat  more  difficult  than  a  #1  to  repair,  in  spite  of  its  small  size. 


3.0  W/WS  REPAIRS 
3.1  Aircraft  W/WS  Dam^e 

The  most  common  failure  modes  of  laminated  transparencies  are: 

•  Delamination:  separation  of  vinyl  from  the  glass 

•  Cracks  and  chipping:  glass  breakage  due  to  high  stress 

•  Arcing:  unbalanced  electrical  potential  within  the  conductive  coating 

•  Heater  Failure:  loss  of  continuity  in  the  heater  or  heater  sensor  circuit 

•  Impaired  Vision:  surface  scratches,  contaminates,  or  internal  defects 

•  Contamination:  air  or  water  leaks  caused  by  defective  seals 

•  Vinyl  cracking. 

Delamination  is  separation  of  the  glass  surface  of  the  inner  or  outer  ply  from  the  vinyl 
core  ply  to  which  it  is  bonded.  Delamination  generally  starts  at  the  slip  planes  and  moves 
inward,  although  it  may  occur  anywhere  in  the  W/WS.  It  mainly  occurs  between  the  outer 
ply  and  the  vinyl  ply.  Delamination  does  not  dramatically  reduce  the  strength  of  the  W/WS, 
but  may  interfere  with  vision  or  W/WS  heating  if  the  delamination  occurs  at  the  interface 
where  the  heating  film  is  located. 

Cracks  and  chips  may  occur  in  either  of  the  glass  plys  and  may  be  caused  by  impacts 
or  by  high  stresses  at  the  edges  of  the  glass.  Single  cracks  in  the  outer  ply  are  unlikely 
because  the  temper  in  this  layer  precludes  a  single  crack.  After  the  momentary  appearance 
of  a  crack  in  the  outer  layer,  the  entire  layer  shatters  very  abruptly.  Small  cracks  very  near 
the  edges  of  the  W/WS  may  not  be  cause  for  removal,  provided  the  crack  is  not  directed 
toward  the  center  of  the  pane.  Cracks  that  adversely  affect  the  functioning  of  the  heater 
would  not  be  acceptable.  Chips  may  occur  internally  or  externally.  Internal  chips  are 
caused  by  the  glass-vinyl  bond  strength  exceeding  the  strength  of  the  glass.  External  chips 
are  generally  caused  by  impacts.  Chips  usually  have  a  clamshell  shape,  are  rough,  and  white 
powdered  glass  is  often  in  evidence.  Chips  are  detrimental  to  the  strength  of  the  pane. 
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W/WS  busbar  breakdown  and  faults  in  the  heater  film  cause  arcing.  Basically,  the 
insulation  breaks  down  and  the  heater  electrical  current  short  circuits  to  the  airframe.  Arcing 
is  evidenced  by  burned  areas  around  electrical  braid  and  along  the  busbar. 

The  failure  of  the  W/WS  heater  to  de-ice  or  defog  satisfactorily  is  one  of  the  most 
serious  failure  modes.  Arcing,  chips,  cracks,  or  lack  of  continuity  in  the  heater  film  that 
render  the  heater  inoperative  are  cause  for  W/WS  replacement.  Uneven  heating  or  hot  spots 
caused  by  delamination  at  the  glass-vinyl  interface  with  the  heating  film  or  chips  may  also  be 
a  cause  for  removal. 

Satisfactory  optical  properties  of  the  W/WS  are  paramount.  Foggy  or  cloudy  areas 
may  appear  in  areas  where  moisture  has  penetrated  the  vinyl  and  has  begun  to  degrade  it. 
Scratches  may  occur  on  both  the  inner  and  outer  plys  that  may  interfere  with  visibility. 
Likewise,  delamination  may  become  serious  enough  to  warrant  replacement  of  the  W/WS  on 
the  basis  of  reduced  visibility.  Bubbles  may  occur  in  the  vinyl  core  ply  in  W/WS  that  have 
been  exposed  to  elevated  temperatures.  Bubbles  are  caused  by  gas  liberated  from  the  vinyl, 
and  grow  in  size  and  number  with  increased  temperature  or  longer  exposures.  Needless 
operation  of  the  heaters  on  the  ground  is  a  prime  cause  of  bubbles.  Bubbles  do  not  have  a 
large  effect  on  strength  of  the  W/WS,  but  may  become  serious  enough  to  impair  visibility. 
Although  other  failure  modes  may  not  be  evident,  poor  optical  performance  is  always  a 
sufficient  cause  for  W/WS  replacement. 

The  bumpers  on  the  edge  of  the  outer  glass  form  a  moisture  barrier.  Degradation  of 
the  bumper  in  the  form  of  cracking  or  separation  from  the  edge  of  the  outer  glass  ply  can 
allow  moisture  and  air  to  get  into  the  slip  planes.  Moismre  can  degrade  the  heater  film  with 
consequent  initiation  of  heater  failure,  arcing,  delamination,  and  contamination. 

As  a  result  of  aging,  cracks  may  occur  in  the  vinyl.  Over  time,  attack  by  ultraviolet 
radiation  and  high  temperatures  also  causes  the  vinyl  to  lose  ductility.  Eventually,  cracks 
may  form  around  the  periphery  of  the  W/WS  in  proximity  to  the  metal  insert  as  the  glass  and 
vinyl  try  to  move  relative  to  one  another.  Vinyl  cracks  significantly  weaken  the  structure  of 
the  W/WS  by  putting  flaws  directly  in  the  load  path  between  the  transparency  and  the 
airframe  for  bird  impact  loads.  Per  Figures  2.4  and  2.5,  only  the  vinyl  extends  out  to  the 
mounting  holes,  not  the  glass.  Therefore,  if  the  vinyl  is  cracked  near  the  metal  insert,  the 
W/WS  could  just  "punch  out"  of  the  frame  into  the  cabin.  The  vinyl  layer  is  also  the 
pressure  "fail-safe"  layer,  so  vinyl  cracks  are  quite  important. 

In  addition  to  cracking,  the  vinyl  layer  may  discolor  or  darken  if  it  is  subjected  to 
temperature  in  excess  of  225  F.  Foreign  substances  in  the  glass-vinyl  interface,  either  from 
in-service  conditions  or  introduced  as  a  part  of  a  repair  process,  may  also  cause 
discoloration. 
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3.2  Repair  Vendors 

3.2.1  NORDAM  Transparency  Division 

NORDAM  Transparency  Division  is  one  of  the  world's  largest,  privately-held,  FAA- 
approved  transparency  repair  stations.  They  provide  comprehensive  overhaul  capabilities  on 
glass  and  acrylic  W/WS.  Located  in  Tulsa,  Oklahoma,  NORDAM  has  more  than  15  years 
experience  in  the  repair  and  overhaul  of  aircraft  W/WS. 

Repairs  that  NORDAM  is  authorized  to  make  include  relaminating,  surface  polishing, 
and  seal  rehabilitation.  Autoclave  curing  of  delamination,  bubbles,  voids  and  interlayer  vinyl 
cracking  is  done  with  the  same  laminating  cycles,  times  and  methods  utilized  in  the  original 
manufacture  of  the  W/WS.  Polishing  includes  removal  of  scratches,  chips  and  pits  from  the 
outer  glass  or  acrylic  plies.  Original  optimum  optics  are  restored  with  the  least  amount  of 
surface  removal,  in  accordance  with  strict  adherence  to  OEM  manual  limits  for  removal. 

Seal  rehabilitation  includes  cleaning,  repairing,  or  replacing  of  seals  as  required.  NORDAM 
is  authorized  by  the  FAA  under  Air  Agency  Certificate  EZ22812K  to  make  the  W/WS 
repairs.  Appendix  A  has  a  copy  of  the  certificate. 

In  addition  to  their  W/WS  repair  business,  NORDAM  also  rnanufacmres  W/WS, 
cockpit  side  panels,  canopies,  cabin  windows,  wing  tip  lenses  and  landing  light  covers  for 
commercial,  regional,  military,  helicopter,  and  general  aviation  aircraft.  Products  made 
from  stretched  and  cast  acrylic,  polycarbonate,  and  glass  are  made  in  either  monolithic  or 
laminated  configurations. 

3.2.2  Peridns  Aircraft  Services,  Ihc. 

Perkins  Aircraft  Services,  Inc.  specializes  in  the  overhaul  and  repair  of  both  monolithic 
and  laminated  aircraft  transparencies  made  of  glass  or  acrylic.  Located  in  Ft.  Worth,  Texas, 
Perkins  is  an  FAA-approved  repair  facility  authorized  to  make  in-plant  and  "on  the  aircraft" 
repairs. 

A  five-step  process  is  used  by  Perkins  to  restore  damaged  W/WS  to  an  FAA- 
serviceable  condition.  First,  all  incoming  W/WS  are  given  a  thorough  inspection  to 
determine  whether  the  W/WS  can  be  repaired.  W/WS  with  out-of-specification  electrical 
systems  or  that  are  otherwise  judged  unrepairable  are  rejected  and  returned.  The  second  step 
of  the  process  is  repair  of  delamination.  Using  a  proprietary  autoclave  process,  the  W/WS 
are  heated  and  pressed  to  rebond  the  W/WS  layers.  Polishing,  the  third  step  in  the  W/WS 
repair  process,  is  done  to  remove  scratches,  chips,  and  in  the  case  of  plastic  W/WS,  crazing, 
using  automated  polishing  machines.  The  fourth  step  is  reassembly.  In  this  step,  the 
transparencies  are  matched  up  to  their  original  frames,  as  applicable,  and  seals  and  gaskets 
are  replaced.  The  final  step  in  Perkins'  W/WS  repair  process  is  to  perform  a  quality 
assurance  inspection  to  ensure  that  all  of  the  necessary  repairs  have  been  made  and  that  the 
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W/WS  has  been  restored  to  OEM  specifications.  Perkins  holds  FAA  Air  Agency  Certificate 
JKQR257L,  see  Appendix  A,  which  authorizes  them  to  operate  their  W/WS  repair  station. 

3.2.3  The  Glass  Doctor 

The  Glass  Doctor  of  St.  Petersburg,  Florida  got  into  the  aircraft  transparency  repair 
business  in  1979  after  working  in  the  automobile  windshield  repair  business  for  10  years. 
Starting  with  cabin  window  repairs,  the  business  has  expanded  to  also  include  FAA-approved 
repair  of  all  cockpit  W/WS  as  well  as  cabin  windows. 

The  Glass  Doctor  has  developed  special  techniques  for  repairing  chips,  nicks,  and 
delaminations  in  W/WS.  Unlike  the  other  aircraft  W/WS  repair  vendors,  The  Glass  Doctor 
does  not  rely  solely  upon  polishing  and  re-autoclaving  of  the  W/WS  to  effect  the  repairs.  As 
described  in  U.S.  patents  #3,841,932,  #3,914,145,  and  #4,780,162,  The  Glass  Doctor 
repairs  conical  cracks  by  filling  the  crack  with  a  polymerizable  resin  that  is  vibrated  into 
place  by  motion  of  the  conical  plug,  see  Figure  3.1.  Delamination  repairs  are  made  by 
injecting  an  adhesive  between  the  delaminated  plys  per  Figure  3.2.  Polishing  for  scratch  and 
distortion  removal  is  also  done.  Using  experience  gained  from  their  delamination  repair 
techniques.  The  Glass  Doctor  has  also  developed  the  unique  capability  to  replace  failed 
W/WS  heater  sensors  and  can  repair  open  or  arcing  busbars.  Failed  heater  sensors  are 
replaced  by  drilling  into  the  vinyl  and  potting  a  new  sensor  in  the  hole.  Open  or  arcing 
busbars  are  repaired  by  injecting  a  conductive  adhesive  material  at  the  glass-vinyl  interface 
where  the  busbar  defect  is  located.  Although  there  is  some  controversy  in  the  aircraft  W/WS 
repair  industry  associated  with  the  repairs  that  The  Glass  Doctor  makes,  repairs  are  under 
warranty  for  up  to  3  years  (scratches  excluded),  and  the  reported  rate  of  warranty  work  is 
very  low. 

The  Glass  Doctor  operates  its  W/WS  repair  station  under  FAA  Air  Agency  Certificate 
OX4R430M.  A  copy  of  The  Glass  Doctor’s  certificate  is  attached  in  Appendix  A. 

3.3  Repair  Details 

Some  of  the  damage  described  in  Section  3.1  can  be  repaired.  To  test  the  capabilities 
of  the  repair  vendors  to  return  W/WS  to  a  serviceable  condition,  contacts  at  the  three  repair 
vendors  were  established  to  solicit  their  interest  in  participating  in  this  program. 

Participation  in  the  program  was  on  a  paid  basis,  with  the  stipulation  that  the  Air  Force, 
through  Battelle,  had  to  know  something  about  the  repair  processes  for  quality  control 
reasons.  In  particular,  if  the  repair  processes  deviate  from  the  processes  used  in  the  original 
manufacture  of  the  W/WS,  the  Air  Force  felt  that  they  needed  a  specification  to  ensure  that 
they  get  the  same  product  each  time  they  buy. 

In  making  arrangements  for  the  repairs,  Battelle  was  to  sign  confidential  disclosure 
agreements  with  the  repair  vendors  that  would  prohibit  Battelle  from  disclosing  trade  secrets 
and  process  details.  From  their  advertising  literature,  it  is  clear  that  the  W/WS  repair 
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processes  used  by  NORDAM  and  Perkins  are  consistent  with  the  original  manufacture  of  the 
W/WS.  The  repairs  made  by  The  Glass  Doctor,  on  the  other  hand,  because  they  involve 
injection  of  adhesives  and  resins  into  the  WAVS,  are  different  than  the  OEM  processes. 

Terms  and  conditions  for  a  site  visit  and  repair  of  a  number  of  W/WS  were 
successfully  negotiated  only  with  NORDAM  and  Perkins.  Thus,  only  NORDAM  and 
Perkins  made  W/WS  repairs  for  this  program. 

The  set  of  75  C/KC-135  W/WS  Battelle  had  to  work  with  was  divided,  and  half  sent  to 
NORDAM  and  half  sent  to  Perkins.  Each  vendor  evaluated  the  repairability  of  the  W/WS 
that  they  were  sent  and  provided  an  estimate  of  the  repair  costs  for  each  W/WS.  In 
conjunction  with  Battelle  engineers,  a  subset  of  the  75  W/WS  was  selected  for  repair. 

Perkins  repaired  7  #1  W/WS  and  2  #4  W/WS.  NORDAM  repaired  8  #Ts  and  8  #4's. 

Tables  3.1  and  3.2  provide  details  of  the  prototype  repairs  made  to  the  #1  and 
W/WS  that  were  subsequently  tested.  To  fill  out  the  test  matrix,  unrepaired  W/WS  were 
included  in  the  test  program,  one  and  six  #4’s.  The  original  intent  was  to  have  a 
balanced  number  of  repairs  from  each  vendor  and  a  balance  in  the  types  of  repairs  made. 
Unfortunately,  it  did  not  work  out  this  way,  because  Perkins  got  a  disproportionately  large 
number  of  unrepairable  W/WS.  Because  the  performance  of  unrepaired  W/WS  provides  a 
baseline  for  as-removed  condition,  including  them  in  the  test  matrix  was  essential. 


4.0  PERFORMANCE  TESTING 
4.1  Test  Philosophy 

The  fitness  for  purpose  of  the  repaired  C/KC-135  W/WS  was  evaluated  using  a 
rigorous  test  program.  In  formulating  the  test  program,  the  plan  was  to  select  a  set  of  tests 
that  would  assess  the  critical  performance  elements  of  the  W/WS:  general 
electrical/optical/mechanical  characteristics,  pressure  integrity,  residual  strength,  and  impact 
resistance.  Performing  these  types  of  tests  at  limiting  load  or  operational  conditions,  failures 
would  be  encouraged  in  repaired  W/WS  that  would  not  occur  in  new  W/WS  unless  the 
repaired  W/WS  were  degraded  either  by  virtue  of  their  age  or  by  virtue  of  having  undergone 
the  repair  process. 

The  test  plan  was  developed  as  a  joint  effort  between  Battelle,  OC-ALC,  and  the  Flight 
Dynamics  Laboratory  at  Wright-Patterson  AFB.  Because  the  Air  Force  does  not  own  the 
Boeing  707  airframe  design  on  which  the  C/KC-135  is  based,  they  do  not  have  W/WS 
drawings  and  the  W/WS  design  specifications  or  W/WS  vendor  qualification  test  protocols. 
Consequently,  the  test  plan  was  developed  from  the  C/KC-135  Tech  Orders  and  the  open 
literature  on  W/WS  testing. 
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In  order  to  assess  whether  the  performance  of  the  repaired  W/WS  is  satisfactory,  a 
standard  for  comparison  must  be  defined.  Obviously,  the  performance  of  new  W/WS  should 
be  the  basis  for  the  comparison.  Simply  stated,  the  repaired  W/WS  should  perform  just  like 
new  W/WS.  In  an  ideal  situation,  information  for  new  W/WS  would  be  available  to  define 
the  required  tests  for  the  repaired  W/WS  and  the  existing  new  W/WS  data  would  form  the 
basis  for  the  comparisons.  The  information  available  from  Boeing  and  OC-ALC  suggested 
that  data  on  prior  C/KC-135  W/WS  testing  was  sparse  or  very  difficult  to  retrieve,  so  the 
scope  of  the  testing  program  had  to  include  tests  of  new  W/WS  to  generate  the  baseline  new 
W/WS  performance  data.  In  addition,  because  of  uncertainty  in  setting  some  of  the 
parameter  selections  for  the  tests  (load  levels,  primarily),  the  test  program  included  a 
methodology  phase  verification  to  establish  that  the  new  W/WS  would  pass  the  tests. 
Although  testing  of  new  W/WS  was  primarily  a  response  to  the  lack  of  readily  available  new 
W/WS  test  data,  it  does  facilitate  the  process  of  making  the  comparisons  because  both  new 
and  repaired  W/WS  were  tested  under  absolutely  identical  conditions. 

The  new  W/WS  used  in  this  program  were  supplied  by  OC-ALC  from  stock  at  Tinker 
AFB.  The  new  #rs  were  copilot  side  W/WS.  All  of  the  other  W/WS  in  the  program  were 
from  the  pilot  side.  Copilot  side  #1  W/WS  were  used  because  the  stock  of  these  W/WS  was 
higher.  The  pilot  and  copilot  side  W/WS  are  mirror  images  of  one  another,  so  they  should 
perform  identically. 

The  test  program  was  originally  to  be  conducted  at  OC-ALC  or  other  Air  Force  test 
facilities,  with  Battelle  providing  oversight  and  test  data  analysis.  After  the  test  program  was 
defined,  an  attempt  was  made  to  locate  Air  Force  facilities  to  perform  the  prescribed  tests. 
The  test  plan  required  facilities  for  general  W/WS  optical/electrical/mechanical  inspection, 
pressure  and  thermal  cycling,  and  bird  impact  testing.  Although  portions  of  the  testing  could 
be  performed  at  various  Air  Force  facilities,  no  single  site  had  all  of  the  capabilities,  and  in 
many  cases,  substantial  modifications  or  upgrades  would  be  required  to  accommodate  the 
specific  needs  of  this  program  at  sites  where  portions  of  the  work  could  be  done.  In 
addition,  quoted  costs  at  the  Air  Force  facilities  were  quite  high.  To  fulfill  the  testing 
requirement,  therefore,  an  outside  vendor,  PPG  Industries,  Inc.  Aircraft  Products  Division 
was  subcontracted  to  do  all  of  the  C/KC-135  W/WS  testing. 

PPG's  Aircraft  Products  Division,  located  in  Huntsville,  Alabama,  has  been  in  the 
aircraft  transparency  business  since  1926  and  is  an  OEM  supplier  for  C/KC-135  W/WS  as 
well  as  other  Boeing  111  series  aircraft.  The  Huntsville  plant  is  America's  largest  and  most 
modern  facility  for  producing  aircraft  transparencies.  It  fabricates  W/WS  with  heat 
strengthened  and  chemically  tempered  glasses,  as-cast  and  stretched  acrylics,  and 
polycarbonates  for  commercial,  military,  and  general  aviation  aircraft.  As  a  leader  in  the 
field  of  aircraft  transparency  technology,  PPG  has  built  an  impressive  W/WS  qualification 
testing  facility.  The  facility  includes  bird  impact  testing,  environmental  testing,  high  strain 
rate  material  evaluation,  dynamic  deflection  analysis  with  high  speed  photography,  dynamic 
stress  analysis  with  strain  gages,  and  ballistic  testing  for  transparent  armor.  In  performing 
the  tests  for  this  program,  PPG  used  the  same  test  fixtures,  test  procedures,  and  QA 
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requirements  in  use  today  to  make  new  OEM  WAVS  for  C/KC-135's.  These  capabilities  at  a 
single  site,  coupled  with  their  intimate  knowledge  of  the  C/KC-135  W/WS  and  the 
functionally  equivalent  Boeing  111  series  products,  proved  valuable  to  this  program. 

4.2  Quality  Assurance 

The  testing  conducted  at  PPG  was  performed  in  accordance  with  specifications  defined 
in  contract  deliverable  Data  Item  A046  to  OC-ALC  entitled  "Final  Master  Test  Plan/Program 
Test  Plan  on  Development  of  Repair  Processes  and  Sources  for  C/KC-135  Aircraft 
Windows/Windshields."  This  document  was  submitted  to  PPG  as  "Program  Test  Plan  on 
Testing  of  Repaired  C/KC-135  Aircraft  Windows/ Windshields"  for  preparation  of  their 
proposal  bid.  The  corresponding  PPG  document,  "Verification  Test  Procedure  on  C/KC-135 
Aircraft  Repaired  Transparencies  #4,  and  #5  Windows,  Revision  A,"  was  reviewed  and 
approved  by  Battelle  and  defined  the  detailed  scope  of  work. 

PPG  is  an  OEM  supplier  for  C/KC-135  W/WS  and  consequently,  they  have  a  vested 
interest  in  selling  new  W/WS.  Because  using  repaired  W/WS  would  reduce  sales  of  new 
W/WS,  PPG  could  be  perceived  as  having  an  inherent  bias  against  repaired  W/WS  which 
might  be  reflected  in  the  test  results.  PPG  offered,  and  Battelle  frequently  exercised,  the 
option  to  witness  the  tests.  No  indication  was  ever  detected  that  they  were  attempting  to 
influence  the  outcome  of  the  tests.  Their  work  was  always  done  to  the  highest  of 
professional  standards.  Fixture  fabrication,  minor  deviations  from  the  prescribed  test 
procedures  to  accommodate  instrumentation  problems,  etc.,  were  all  done  with  Battelle 's 
concurrence.  Suggestions  that  Battelle  made  to  enhance  the  value  of  the  test  program  were 
willingly  implemented.  Their  final  report  is  presented  as  a  factual  record  of  then- 
observations  and  does  not  attempt  to  bias  the  conclusions  of  this  report. 

All  instrumentation  used  in  the  conduct  of  this  program  was  calibrated  in  accordance 
with  PPG  Quality  Control  procedures  which  guarantees  that  all  significant  instrumentation 
was  in  calibration  when  used  and  that  adequate  records  are  kept  to  document  such 
calibrations. 

4.3  General  Inspection 
4.3.1  Test  Procedures 

General  electrical/optical/mechanical  testing  of  repaired  W/WS  was  performed  to 
ensure  that  the  W/WS  is  in  specification  electrically,  that  the  repair  operations  have  not 
adversely  affected  optical  qualities,  and  that  the  fit  and  finish  is  correct.  All  of  the  W/WS 
tested  in  this  program  were  initially  given  a  thorough  14-item  inspection  by  the  PPG  Quality 
Control  Department.  The  inspection  included: 
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1)  Locating  and  recording  the  customer  part  number 

2)  Locating  and  recording  the  W/WS  serial  number 

3)  General  visual  inspection 

4)  Gasket/seal  evaluation 

5)  Thickness  measurements  at  prescribed  locations 

6)  Physical  tolerance  check 

7)  Bus-to-bus  resistance 

8)  Sensing  element  resistance 

9)  Electrical  insulation  integrity  test 

10)  Heater  operation  test 

1 1)  Heating  film  scratch  test 

12)  Luminous  transmittance  and  haze  measurement 

13)  Optical  deviation  measurement 

14)  Optical  distortion  photograph. 

With  little  exception,  the  indication  of  which  W/WS  were  new,  repaired,  or  unrepaired  was 
difficult  to  determine  from  a  superficial  visual  examination.  Only  a  detailed  technical 
examination,  equivalent  to  an  OEM  post-production  quality  control  check,  was  able  to 
uncover  differences  between  the  W/WS. 

4.3. 1.1  General  Visual  Examination 

A  visual  examination  was  performed  on  each  W/WS  to  assess  its  general  condition. 
During  this  inspection,  the  part  number  and  serial  number  were  located  and  recorded,  the 
W/WS  was  checked  for  delaminations  and  vinyl  cracks,  and  the  condition  of  the  seal  was 
evaluated.  Criteria  for  the  various  aspects  of  the  visual  examination  were  based  on  PPG 
experience  as  an  OEM  for  these  W/WS.  A  rating  of  accept  or  reject  was  employed. 
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4.3. 1.2  W/WS  Dimensional  Measurements 


The  repair  of  delaminations  involves  re-autoclaving  of  the  W/WS  to  rebond  the  vinyl 
inner  layer  to  the  glass.  Because  the  vinyl  layer  is  pressed  at  an  elevated  temperature  and 
consequently  may  flow,  the  overall  thickness  of  the  W/WS  may  be  reduced  and  the  location 
of  power/sensor  terminals  and  bolt  holes  may  shift.  To  determine  if  the  repair  processes 
cause  such  changes,  some  dimensional  measurements  of  the  W/WS  were  made. 

To  assess  the  extent  of  thickness  reduction  caused  by  re-autoclaving,  total  thickness  of 
the  W/WS  was  measured  at  selected  locations.  For  the  #1  W/WS,  a  12-point  grid  was  used, 
while  a  2  by  2  grid  was  used  for  #4  W/WS.  Measurements  were  made  to  the  nearest  0.001 
inch  using  a  micrometer. 

The  physical  tolerance  check  was  made  to  see  if  critical  dimensions,  including  proper 
fit  dimensions,  location  of  electrical  connections,  and  bolt  hole  locations,  had  been  changed 
by  the  repairs.  Each  W/WS  was  checked  using  check  fixtures  used  in  the  original 
manufacture  of  these  W/WS.  An  overall  dimensional  trim  check  was  requested,  but  the 
OEM  check  tool  was  designed  to  be  used  prior  to  application  of  the  edge  coating  material. 
Removal  of  the  edge  coating  to  make  the  measurements  did  not  seem  justified,  in  light  of  the 
fact  that  part  of  the  repair  process  entails  replacement  of  the  edge  coating,  so  the  overall 
dimensional  trim  measurement  was  abandoned.  A  go-no  go  rating  was  used  for  the  check 
fixture  tests  that  could  be  made. 

4.3. 1.3  Basic  Electrical  Measurements 

Electrical  resistance  measurements  were  made  using  the  standard  electrical  resistance 
measurement  function  on  Fluke  digital  multimeters  to  determine  if  the  heaters  and  sensors 
were  within  acceptable  tolerances.  Both  bus-to-bus  resistance  and  sensor  resistance  (#1 
W/WS  only)  were  measured.  From  the  Boeing  overhaul  manual,  the  bus-to-bus  resistance 
should  be  31-58  ohms  for  the  #1  W/WS  and  60-100  ohms  for  #4  W/WS.  Sensor  resistance 
for  #l  W/WS  is  temperature  dependent,  and  should  be  305  to  320  ohms  at  70°  F.  The  #4 
W/WS  does  not  have  an  integral  sensor. 

Electrical  insulation  integrity  was  checked  using  a  Hipotronics  300  Series  Hipot  and 
Megohnuneter  at  2500  volts  A.C.  On  #1  W/WS,  insulation  integrity  was  checked  between 
the  power  bus  and  the  sensor  element,  sensor  element  and  the  metal  frame  retainers,  and 
from  sensor  element  to  sensor  element.  On  #4  W/WS,  the  integrity  was  checked  between 
the  power  bus  and  the  metal  frame  retainers.  Only  a  pass  or  fail  rating  is  considered. 

4.3. 1.4  Heater  Operation  Tests 

Sensor  operation  and  heating  uniformity  were  evaluated  by  infrared  imaging.  In  this 
test,  the  W/WS  was  powered  with  60  Hertz  power  at  a  voltage  appropriate  to  the  W/WS 
heater  resistance.  During  the  power  up,  the  ability  of  the  W/WS  sensor  to  regulate  the 
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temperature  was  established.  When  thermal  equilibrium  was  attained,  an  infrared  imaging 
system  was  used  to  make  a  photograph  of  the  thermal  contours  on  the  glass. 

To  supplement  the  thermal  imaging  heater  test,  a  scratch  test  of  the  heater  film  was 
performed.  In  this  test,  the  heater  is  powered  up  (350  volts  A.C.  for  #1  W/WS,  81  volts 
A.C.  for  #4  W/WS)  and  the  W/WS  is  viewed  using  polarized  light.  Although  the  vinyl  core 
ply  of  the  W/WS  is  birefringent,  scratches  in  the  heater  film  show  up  dramatically  as  black- 
gray  starbursts.  A  pass-fail  rating  on  the  scratch  test  is  given. 

4.3. 1.5  Optical  Performance 

The  optical  performance  of  each  W/WS  was  assessed  in  three  ways;  a  haze  and 
luminous  transmittance  test,  an  optical  deviation  measurement,  and  an  optical  distortion  test. 

Haze  and  luminous  transmittance  measurements  were  performed  in  accordance  with 
ASTM  D-1003-92,  "Standard  Test  Method  for  Haze  and  Luminous  Transmittance  of 
Transparent  Plastics."  The  luminous  transmittance  test  measures  how  transparent  a  body  is, 
and  is  the  ratio  of  the  light  transmitted  through  a  body  to  the  light  incident  upon  it.  The  haze 
test  measures  the  cloudy  appearance  of  an  otherwise  transparent  specimen  caused  by  light 
scattered  from  within  the  specimen  or  from  its  surfaces.  Haze  and  luminous  transmittance 
measurements  will  detect  whether  the  repair  processes  have  adversely  affected  the  clarity 
and/or  coloring  of  the  vinyl  and  whether  the  glass  surfaces  have  been  adequately  polished. 
The  haze  and  luminous  transmittance  measurements  were  made  using  a  Pacific  Scientific  XL- 
211  Hazegard  System  hazemeter  at  the  center  of  each  W/WS.  Per  Mil-G-25871B  (Military 
Specification:  Glass,  Monolithic,  Aircraft  Glazing)  Paragraph  3.7,  the  original  luminous 
transmittance  should  be  greater  than  72  percent  and  78.4  percent  for  #1  and  #4  W/WS, 
respectively.  The  original  haze  of  a  transparency  greater  than  0.62  inches  thick  should  be 
less  than  2.5  percent,  per  Mil-G-25871B  Paragraph  3.9. 

Optical  deviation  measures  the  flatness  of  a  transparency.  In  the  case  of  a  repaired 
W/WS,  grinding,  polishing,  and/or  uneven  pressing  to  remove  delaminations  may  cause  the 
front  and  back  surfaces  of  the  W/WS  to  deviate  from  a  parallel  condition,  causing  images  to 
be  deformed.  PPG's  "German  Light,"  measures  the  flatness  of  a  transparency  using  the 
distance  between  the  front  surface  reflection  of  a  normally  directed  beam  of  light  and  the 
light  reflected  from  the  back  surface  of  the  transparency  to  calculate  the  angular  deviation 
from  parallel.  Measurements  are  given  in  terms  of  minutes  of  angular  arc. 

Optical  deviation  was  measured  using  MIL-G-25871B  Paragraph  4. 4. 6. 2.1  as  a 
reference  at  8  locations  on  #1  W/WS  and  at  4  locations  on  #4  W/WS.  The  measurement 
locations  were  principally  around  the  edges  of  the  W/WS  where  deviation  is  expected  to  be 
most  severe  in  a  relaminated  W/WS.  Deviations  under  4.5  arc  minutes  are  considered 
acceptable  anywhere  2  inches  in  from  the  forward  edge,  top  and  inboard  edges  and  4  inches 
in  from  the  aft  edge  on  #1  W/WS.  Deviations  of  up  to  9  arc  minutes  are  acceptable  in  the 
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#1  W/WS  edges.  Deviation  for  the  #4  W/WS  is  much  less  stringent  than  for  #1  W/WS,  18 
arc  minutes  anywhere  2  inches  in  from  the  edges. 

Optical  distortion  was  assessed  using  MIL-G-25871B  Paragraph  4.4.6.3  as  a  reference. 
The  distortion  was  determined  by  a  single-exposure  photograph  of  a  grid  viewed  through  the 
W/WS.  Photographs  were  made  with  the  W/WS  parallel  to  the  grid  board.  There  is  no 
reference  specification  for  distortion  for  these  W/WS.  A  distortion  of  greater  than  1  part  in 
40  is  essentially  no  distortion.  As  a  reference,  MIL-W-81752A  sets  a  distortion  limit  of  1:15 
for  Navy  fighter/attack  aircraft.  A  1  part  in  4  distortion  would  probably  be  considered 
unacceptable  for  the  #A  C/KC-135  W/WS. 

4.3.2  General  Inspection  Test  Results 

Tables  4.1  through  4.8  summarize  the  results  of  the  general  inspections.  In  a  number 
of  areas,  the  repaired  W/WS  are  the  equivalent  of  new  W/WS  -  dimensional  fit,  optical 
properties,  and  heater  operation.  There  are,  however,  some  troublesome  areas  -  seals, 
unremoved  delaminations,  some  insulation  integrity  faults,  and  a  few  out  of  specification 
heater  resistances  that  suggest  that  the  repaired  W/WS  are  not  quite  up  to  OEM  standards  for 
a  new  W/WS.  As  indicated,  most  of  the  general  inspection  tests  had  an  accept/reject 
criterion.  For  the  heater  tests  and  optical  distortion,  there  are  no  established  criteria. 

Figures  4.1  and  4.2  show  thermal  images  from  the  heater  tests.  Figures  4.3  and  4.4  show 
the  worst  optical  distortion  found  during  the  inspections.  Appendix  B  contains  the  data 
sheets  for  the  general  inspections. 

In  addition  to  the  general  inspection  data  summarized  in  the  tables  and  figures,  two 
interesting  items  worth  noting  came  to  light.  First,  there  was  one  commercial  fleet  W/WS  in 
the  program,  and  second,  the  new  #1  W/WS  were  surprisingly  old. 

One  of  the  #1  W/WS,  S/N  83-H-l  1-7-432,  has  a  commercial  part  number,  5-89354- 
3096,  instead  of  the  expected  military  part  number  5-89354-501  (pilot  side  #1). 

Superficially,  the  two  W/WS  look  identical  and  can  be  interchanged.  The  commercial  #1 
W/WS,  however,  unlike  the  military  #1  W/WS,  does  not  have  slip  planes  and  edge  heaters. 
Rather,  the  slip  planes  and  edge  heaters  of  the  military  #1  W/WS  have  been  replaced  by  a 
PPG-proprietary  urethane  ply.  From  the  discussion  in  Section  2.1  about  the  construction  of 
the  C/KC-135  W/WS,  the  slip  planes  are  areas  around  the  edge  of  the  W/WS  where  the  glass 
has  been  prevented  from  bonding  to  the  vinyl  so  that  the  edge  of  the  glass  does  not  become 
overstressed  during  thermal  expansion.  The  urethane  ply  in  the  commercial  W/WS 
accommodates  the  differential  thermal  expansion  with  a  fully  bonded  W/WS  structure.  The 
edge  heaters  keep  the  vinyl  "soft"  in  the  W/WS  comers.  According  to  PPG,  the  urethane 
layer  in  the  commercial  W/WS  reduces  the  tendency  for  delamination  and  edge  chipping,  and 
does  not  degrade  any  of  the  other  properties  of  the  W/WS.  PPG  feels  that  the  commercial 
W/WS  is  superior  to  the  military  counterpart. 

The  new  #1  W/WS  were  manufactured  in  1986.  This  suggests  that  either  the  W/WS 
inventory  at  Tinker  AFB  is  not  maintained  on  a  first-in  first-out  basis,  or  that  reorder 
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quantities  are  large  and  that  it  takes  a  long  time  to  deplete  the  stock.  In  any  event,  because 
of  the  potential  time  lag  between  manufacture  and  mstallation,  manufacture  date  is  not  a  good 
indicator  of  possible  service  life.  Some  of  the  new  #1  W/WS  were  made  several  years 
before  some  of  the  W/WS  that  were  repaired,  and  so  it  is  not  appropriate  to  assume  that 
W/WS  with  older  serial  numbers  have  seen  more  service.  Whether  or  not  this  is  common  to 
all  of  the  W/WS  in  the  inventory  is  not  known,  but  it  is  something  to  consider  if  a  service 
life  limitation  is  imposed  that  does  not  track  acmal  use. 

4.4  Pressure  Integrity 

4.4.1  Test  Procedures 

Pressure  integrity  was  evaluated  with  a  three-step  sequence.  The  first  step  was  a  proof 
pressure  test.  Samples  which  passed  the  proof  pressure  test  then  went  on  to  a  cyclic  pressure 
durability  test.  Finally,  samples  which  passed  the  cyclic  durability  test  were  proof  pressure 
tested  again. 

4.4.1. 1  Proof  Pressure  Test 

This  test  was  performed  as  an  initial  acceptance  and  final  test  on  all  pressure  integrity 
test  articles.  The  test  candidates  were  mounted  in  a  test  fixmre  and  pressurized  at  a  rate  not 
exceeding  0.84  psi  per  minute  to  1.33  times  the  C/KC-135  relief  valve  setting  of  9.42  psi 
(12.59  psig).  The  maximum  pressure  was  held  for  15  minutes  and  then  released  at  a  rate  not 
greater  than  0.84  psi  per  minute.  The  test  was  conducted  at  ambient  temperature.  At 
completion  of  the  test,  the  W/WS  was  inspected  for  delamination  and  electrical  resistance. 

The  data  requirements  for  the  proof  pressure  test  consisted  of  pressure-time  records 
and  the  post-test  delamination  inspection  and  electrical  resistance  measurements.  For  test 
articles  that  did  not  hold  pressure  due  to  breakage  or  cracking,  a  photograph  of  the  failed 
W/WS  was  required. 

The  criterion  for  failure  of  the  test  was  inability  to  hold  pressure  due  to  cracking  or 
breakage.  Delamination  or  failure  of  the  heater  to  operate  were  to  be  noted,  but  were  not 
sufficient  to  disqualify  the  specimen  from  further  testing. 

4.4.1.2  Cyclic  Durability  Test 

This  test  was  performed  on  all  W/WS  that  passed  the  initial  proof  pressure  test.  The 
test  was  conducted  with  an  outward-acting  constant  amplimde  cyclic  pressure  varying  from 
0.00  to  9.42  psig,  applied  at  a  rate  not  greater  than  0.84  psi  per  minute.  The  inboard  side  of 
the  W/WS  was  to  be  held  at  room  temperature  (72°  F  +  10°  F)  and  the  outboard  side  was 
to  be  at  -65°  F  +  10°  F  with  the  heater  energized.  The  cyclic  pressure  was  to  be  applied 
until  failure  was  observed  or  run  out,  with  run  out  calculated  to  simulate  a  10  year  life  for  a 
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C/KC-135  (520  cycles).  Test  article  inspections  were  to  be  performed  at  5  years  of 
simulated  service  and  at  the  conclusion  of  the  test. 

The  data  requirements  for  the  cyclic  durability  test  consisted  of  pressure,  inboard  side 
air  temperature,  outboard  side  air  temperature,  and  bus-to-bus  resistance,  all  as  a  function  of 
time.  Marking  of  delaminations  on  the  surface  of  the  outer  ply  and  then  photographing  the 
W/WS  served  to  document  any  visual  damage  to  the  W/WS.  Mode  of  failure  and  a 
photograph  of  the  failed  test  article  were  to  be  used  to  document  specimens  that  did  not 
survive  this  test. 

The  criterion  for  failure  in  the  cyclic  durability  test  was  inability  to  hold  pressure  due 
to  cracking  or  breakage.  Failure  of  the  heater  was  to  be  noted,  but  was  not  sufficient  cause 
to  stop  the  pressure  cycling. 

4.4.2  Test  Facility 

The  test  facility  for  conducting  the  pressure  integrity  testing  utilized  PPG's 
Environmental  Qualification  Test  Facility.  This  facility  has  three  walk-in  environmentally 
controlled  chambers  that  can  be  used  to  expose  transparencies  to  temperamres  as  low  as 
-100°  F  and  as  high  as  -1-185°  F.  Pressure  chambers  with  mounting  flanges  for 
transparencies  fit  into  the  wall  of  the  environmental  chambers  to  permit  simultaneous 
pressure  and  temperamre  control,  per  Figure  4.5.  Internal  heating  and  cooling  capacity,  as 
well  as  small  fans  inside  the  pressure  chambers  ensure  that  the  transparency  inboard  side 
conditions  can  be  maintained,  independent  of  the  outboard  side  conditions.  The  facility  is 
controlled  by  16-bit  Macsym  350  process  control  computers  that  manage  the  temperamre  and 
pressure  in  real  time,  and  perform  data  acquisition. 

Each  W/WS  was  instrumented  with  4  thermocouples,  two  inboard  and  two  outboard, 
one  directly  on  the  glass  surface  and  one  1-inch  off  the  surface.  A  strain-gage-based 
pressure  transducer  was  used  to  measure  the  pressure  chamber  pressure. 

The  #l  W/WS  heaters  were  powered  by  a  400  Hertz  0-500  volt  A.C.  motor-generator 
set  adjusted  to  generate  an  output  voltage  consistent  with  the  W/WS  bus-to-bus  resistance. 

On  the  #1  W/WS,  the  integral  sensor  was  used  to  control  the  temperamre.  The  #4  W/WS 
were  powered  by  70  volts  A.C.  60  Hertz  power  derived  from  120  volt  A.C.  building  power. 
This  voltage  is  consistent  with  T.O.  lC-135(K)A-2-2  Paragraph  8-9.  The  temperamre  of  the 
#4  W/WS  was  controlled  using  a  thermocouple-based  temperamre  controller  set  to  have  the 
same  operating  characteristics  as  the  thermal  snap  switch  that  is  found  on  C/KC-135 's  per 
T.O.  lC-135(K)A-2-2  Paragraph  8-10:  control  point  about  100°  F,  switch  closure  at  90° 

+  10°  F,  switch  opening  at  110°  ±  10°  F. 

The  pressure  integrity  test  W/WS  were  mounted  in  simulated  frames  per  the  drawings 
shown  in  Figures  4.6  and  4.7.  The  rationale  for  using  simulated  frames  was;  1)  less 
expensive  than  using  an  acmal  fuselage  section,  and  2)  a  simulated  frame  could  be  made 
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much  stiffer  than  the  sheet  metal  fuselage  section  and  thus  would  maximize  potentially 
damaging  deformation  in  the  W/WS. 

The  #1  W/WS  were  bolted  to  the  frame  shown  in  Figure  4.6  using  hardware  equivalent 
to  that  used  in  the  actual  aircraft  W/WS  installation  kit,  per  Figure  4.8a.  Unlike  the  actual 
aircraft  installation,  Grade  8  socket  head  cap  screws  and  nuts  were  used.  Aluminum  washers 
similar  to  the  ones  in  the  installation  kit  were  used.  No  curtain  clips  or  wire  clamps  were 
installed.  Bolt  torques  and  tightening  sequences  followed  T.O.  lC-135(K)A-2-2  Paragraph 
8-55.  One  #1  W/WS  was  tested  at  a  time.  Figure  4.9  shows  a  #1  W/WS  in  the  pressure 
test  facility. 

The  #4  W/WS  were  installed  using  16-gauge  sheet  metal  retainers  and  silicone  rubber 
gasket  strips  fabricated  to  simulate  those  used  in  the  aircraft.  Figure  4.8b.  Grade  8  socket 
head  caps  screws  and  nuts  were  used  instead  of  acmal  aircraft  bolts  and  nuts,  with  no  curtain 
clips  or  wire  clamps.  Bolt  torques  and  tightening  sequences  followed  the  prescriptions  in 
T.O.  lC-135(K)A-2-2  Paragraph  8-61.  Two  #4  W/WS  were  pressure  tested  at  a  time,  as 
shown  in  Figure  4.10. 

4.4.3  Test  Results 

The  results  of  the  pressure  integrity  testing  are  presented  in  Tables  4.9  and  4.10. 

None  of  the  W/WS,  repaired,  not  repaired,  or  new,  exhibited  any  catastrophic  failures.  Two 
of  the  repaired  W/WS  did  experience  delaminations,  while  no  evidence  of  delamination  was 
detected  in  the  new  W/WS.  Figure  4.11  shows  the  worst  delamination  observed  in  a  #1 
W/WS.  Figure  4.12  shows  the  worst  delamination  observed  in  a  #4  W/WS.  In  these 
figures,  the  edge  of  the  delamination  has  been  outlined  with  a  black  marker.  The 
delamination  in  the  #1  W/WS  would  not  interfere  with  pilot  vision,  and  may  not  even  be 
noticed.  The  delamination  in  the  #4  W/WS,  would,  most  likely,  be  noticed  and  reported  by 
a  pilot. 

A  curious  "healing"  phenomenon  was  noted  in  some  of  the  W/WS.  Immediately  after 
the  pressure  cycling,  the  W/WS  were  examined  for  delamination  and  a  marker  was  used  to 
outline  its  edge.  Some  time  later,  after  the  W/WS  had  returned  to  room  temperature,  the 
extent  of  the  delamination  was  observed  to  have  reduced.  Residual  stresses  in  the  W/WS 
cause  the  delaminations  to  close  up.  Discussing  this  point  with  the  PPG  staff  confirmed  that 
the  "healing"  phenomenon  is  not  unique  to  our  tests.  PPG  indicated  that  they  occasionally 
get  W/WS  back  on  warranty  that  do  not  appear  to  be  damaged  in  any  way.  Applying  some 
thermal  and  pressure  cycles  to  the  W/WS  is  generally  sufficient  to  open  the  delaminations. 
Although  the  consequences  of  this  phenomenon  for  this  program  are  nil,  it  does  suggest  that 
a  pilot  or  copilot  could  report  diminished  vision  in  a  W/WS  that  may  not  be  detectable  by  the 
ground  crew. 
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4.5  Residual  Strength  Assessment 

4.5.1  Test  Procedures 

The  residual  strength  of  a  selected  subset  of  the  W/WS  that  passed  the  pressure 
integrity  tests  was  assessed  with  a  falling  ball  impact  test.  In  this  test,  a  spherical  steel  ball 
was  dropped  onto  the  W/WS  using  Mil-G-25871B  Paragraph  4.4.3  as  a  reference,  see  Figure 
4.13.  Unlike  Mil-G-25871B  where  the  purpose  is  to  make  certain  that  no  separation  or 
delamination  of  glass  from  the  vinyl  occurs,  the  purpose  of  this  test  was  to  see  if  repaired 
W/WS  that  have  been  pressure  cycled  have  a  reduced  capacity  for  moderate  impacts. 

The  procedure  for  conducting  the  falling  ball  impact  tests  was  to  establish  a  suitable 
ball  weight  and  drop  height  to  cause  significant  outboard  ply  damage  without  breaking  the 
core  ply  of  a  new  W/WS  that  had  passed  the  pressure  integrity  tests,  and  then  test  a  few  of 
the  remaining  W/WS  under  these  conditions. 

In  the  case  of  the  #1  W/WS,  a  2-pound  ball  dropped  from  a  height  of  15  feet  broke  the 
outer  glass  ply  and  crushed  the  glass  in  the  impact  area  with  a  web  of  cracks  emanating  from 
the  impact  site.  Because  of  the  size  of  the  #1  W/WS,  two  ball  drops  could  be  performed,  in 
some  cases.  For  the  #4  W/WS,  a  1-pound  ball  dropped  from  15  feet  did  similar  damage.  A 
single  drop  was  done  on  #4  W/WS. 

4.5.2  Test  Facility 

The  test  facility  for  conducting  the  ball  drop  consisted  of  a  drop  tower  with  ball  guide 
tube  and  electromagnetic  ball  release  mechanism,  and  a  support  frame  for  the  W/WS. 
Because  the  PPG  ball  drop  facility  was  designed  only  to  accommodate  small  test  panels  and 
not  full  W/WS,  boundary  conditions  at  the  W/WS  edges  could  not  be  freely  prescribed  and  a 
center  drop  on  the  #1  W/WS  could  not  be  done.  Rather,  the  W/WS  were  supported  by  a 
square  frame  with  a  1-foot  by  1-foot  opening  on  the  face  of  the  bottom  (inboard)  glass  ply. 
Due  to  a  space  restriction,  approximately  half  of  the  #1  W/WS  extended  beyond  the  support 
frame,  but  was  supported  at  the  same  height  as  the  impact  target  area.  Because  all  W/WS 
were  treated  consistently,  the  somewhat  imprecise  nature  of  the  boundary  is  not  as  issue. 

4.5.3  Test  Results 

Tables  4.11  and  4.12  detail  the  results  of  the  falling  ball  residual  strength  impact 
testing,  while  Figures  4.14  through  4.19  show  the  test  set-ups  and  selected  consequences  of 
the  impacts.  The  results  of  the  ball  drop  are  not  conclusive  because  only  a  single  new 
W/WS  was  tested  of  each  type.  The  worst  damage  occurred  in  repaired  W/WS  with 
delamination,  so  there  appears  to  be  a  suggestion  that  the  ball  drops  do  more  damage  to  the 
repaired  W/WS  than  the  new  W/WS. 
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4.6  Bird  Impact  Testing 

4.6.1  Test  Procedures 

The  bird  impact  testing  was  conducted  using  ASTM  F330-89,  "Bird  Impact  Testing  of 
Aerospace  Transparent  Enclosures"  as  a  model.  The  WAVS  were  mounted  in  a  simulated 
frame  placed  at  the  correct  inclination  and  sweepback  angles  for  level  flight  and  impacted 
with  a  real  4-pound  bird  in  the  center  at  250  knots.  Testing  was  done  at  room  ternperamre, 
performing  a  single  shot  on  each  W/WS.  A  spall  sheet  was  placed  behind  the  W/WS. 

The  simulated  frames  used  in  the  bird  impact  tests  were  similar  to  the  ones  used  in  the 
pressure  integrity  tests,  Figures  4.20  and  4.21.  The  rationale  for  using  simulated  frames  was 
the  same  as  in  the  case  of  the  pressure  integrity  tests.  Mounting  hardware  and  installation 
procedures  were  consistent  with  the  applicable  C/KC-135  Tech  Order,  T.O.  lC-135(K)A-2- 
2.  Figure  4.22  shows  the  bolts,  0-rings,  washers,  and  nuts  used  to  secure  a  #1  W/WS  in  the 
test  frame. 

The  #1  W/WS  were  inclined  45  degrees  with  a  sweepback  angle  of  30  degrees,  while 
the  #4  W/WS  were  inclined  58.12  degrees  with  a  sweepback  angle  of  35.3  degrees,  per 
information  obtained  from  Boeing  and  verified  by  measurement  on  a  C/KC-135  by  OC-ALC. 
The  reference  for  the  inclination  angle  is  a  vertical  line.  The  reference  for  the  sweepback 
angle  is  a  horizontal  line  normal  to  the  centerline  of  the  aircraft.  The  #1  W/WS  as  installed 
presents  a  fairly  large  target  for  the  bird  package.  Because  of  the  size  and  oblique  installed 
angle,  the  bird  package  nearly  fills  the  #4  W/WS. 

The  data  requirements  for  the  bird  impacts  tests  consisted  of  a  pre-test  photograph, 
bird  weight,  high  speed  film  of  the  impact,  impact  velocity,  a  post-test  photograph,  a  record 
of  the  disposition  of  the  spall  sheet,  and  written  comments  from  a  post-test  examination  of 
the  W/WS. 

4.6.2  Test  Facility 

PPG's  bird  impact  test  facility  is  one  of  the  most  advanced  in  the  world,  capable  of 
shooting  one  to  eight  pound  birds  at  impact  velocities  from  29  to  751  knots,  depending  on 
the  bird  weight.  The  pneumatic  cannon  has  a  40-foot  long  barrel  with  a  nominal  10-inch 
diameter.  A  pressurized  reservoir  provides  compressed  air  to  propel  a  metal  can,  called  a 
sabot,  containing  the  bird  to  the  target.  When  the  sabot  reaches  the  end  of  the  barrel  after 
firing,  it  is  collected  by  a  stripper  and  spring  system  that  absorbs  the  sabof  s  kinetic  energy. 
As  the  bird  continues  to  the  target,  approximately  10  feet  away,  it  passes  through  a  timing 
trap  system  to  measure  its  velocity.  Figure  4.23  shows  a  schematic  of  the  important 
elements  of  the  bird  cannon. 

The  velocity  of  the  bird  at  impact  is  a  calibrated  function  of  the  air  pressure  pushing 
the  sabot  down  the  barrel.  A  dual  rupture  diaphragm  system  fires  the  gun.  Assuming  that 
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Diaphragms  1  and  2  in  Figure  4.23  are  rated  to  burst  at  Pj,  psi  and  that  test  pressure,  P^,  is 
greater  than  Pj,  but  less  than  2P^,  putting  ViPj  in  the  Step  Chamber  keeps  both  diaphragms 
from  bursting.  Opening  the  Solenoid  Exhaust  Valve  vents  the  Step  Chamber  to  atmosphere 
and  causes  Diaphragms  1  and  2  to  burst  almost  simultaneously  applying  test  pressure  in  the 
reservoir  to  the  sabot. 

A  massive  frame  support  system,  adjustable  for  inclination  angles  from  25  to  85 
degrees  was  use  to  hold  the  simulated  W/WS  frame.  Figure  4.24  shows  the  support  frame 
with  a  #1  W/WS  mounted.  Figures  4.25  and  4.26  show  views  of  W/WS  mounted  and  ready 
for  testing.  To  ensure  that  the  test  article  is  in  its  proper  position,  the  impact  point  is 
identified  with  a  helium/neon  laser  centered  in  the  end  of  the  barrel.  Installation  angles  were 
measured  with  a  precision  clinometer. 

High  speed  photographic  records  of  the  impacts  were  made  with  up  to  three  16- 
millimeter  cameras  operating  at  up  to  11,000  frames  per  second.  The  cameras  and  lighting 
system  are  tied  into  the  cannon  firing  system  so  that  when  the  fire  button  is  depressed,  the 
lighting  is  switched  on,  the  cameras  come  up  to  speed,  and  an  internal  camera  speed  signal 
fires  the  gun.  Typically,  two  cameras  recorded  the  impact  from  the  front,  while  the  third 
camera  recorded  the  impact  from  the  rear. 

Bird  speed  is  measured  in  three  axes  and  averaged  to  compensate  for  minor  deviations 
in  the  bird  package's  flight  pattern  prior  to  impact.  Basically,  the  time  for  the  bird  package 
to  traverse  a  fixed  distance  is  measured  and  converted  to  velocity.  Because  the  timing 
system  requires  more  than  50-percent  of  the  timing  system  lights  to  be  obscured,  false  time 
readings  and  consequent  incorrect  speed  indications  triggered  by  small  particles  or  moisture 
clouds  that  precede  the  bird  package  are  eliminated.  Figure  4.27  shows  the  velocity  timing 
trap  and  front  camera  positioning. 

A  spall  sheet  was  placed  at  the  pilot’s  head  position  to  determine  if  any  glass  fragments 
or  bird  residue  comes  through  the  W/WS  in  the  event  of  a  failure.  In  Figure  4.25,  the  spall 
sheet  can  be  seen  behind  the  W/WS  as  a  black  rectangular  sheet  slightly  left  of  center. 

Figure  4.28  shows  the  spall  sheet  from  behind  a  #1  W/WS. 

4.6.3  Test  Results 

A  summary  of  the  bird  impact  test  results  is  presented  in  Tables  4.13  and  4.14.  A 
gradation  in  impact  damage  for  #1  W/WS  is  shown  in  Figures  4.29  to  Figure  4.34,  ranging 
from  no  damage  to  all  glass  plies  failed.  A  similar  gradation  of  bird  impact  results  for  #4 
W/WS  is  shown  in  Figures  4.35  to  4.40.  Other  W/WS  with  similar  damage  look  about  the 
same  as  these  figures.  The  bird  impact  data  sheets  are  attached  as  Appendix  C. 

Concerning  the  test  comments  about  bird  residue  on  the  spall  sheet,  it  must  be  noted 
that  the  simulated  frame  had  no  aerosmoother  sealant  between  the  frame  and  the 
transparency.  Furthermore,  there  was  no  cosmetic  trim  pieces  on  the  inside  of  the  W/WS. 
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Either  one  or  both  of  these  would  probably  have  prevented  bird  residue  from  squeezing 
between  the  WAVS  and  the  frame.  Ply  breakage  would  not  be  affected  by  the  presence  of 
aerosmoother  or  trim  pieces. 

4.7  Performance  Testing  Summary 

The  performance  testing  data  have  been  summarized  in  Tables  4.15  to  4.18.  From 
these  summaries,  the  obvious  conclusion  is  that  used  WAVS  do  not  perform  as  well  as  new 
W/WS.  Although  trends  are  difficult  to  identify  in  the  data  because  there  always  seem  to  be 
exceptions  and  because  the  data  base  is  so  small,  the  performance  of  W/WS  that  have  been 
in  service,  whether  repaired  or  not,  is  below  that  of  new  W/WS. 

In  a  number  of  categories,  the  repaired  W/WS  were  the  equal  of  new  W/WS: 
dimensional  fit,  optical  properties,  and  heater  performance.  In  other  cases,  they  were  not: 
residual  delamination,  seals  and  bumpers,  delamination  during  pressure  cycling,  more 
damage  in  the  ball  drop  test,  and  poorer  performance  in  the  bird  impact  testing.  Some  of  the 
issues  such  as  seal  and  bumper  problems  and  residual  delamination  can  easily  be  rectified. 
The  delamination  during  pressure  cycling  is  merely  annoying  because  it  is  an  impaired  vision 
issue  that  would  develop  over  time  and  is  not  a  serious  structural  failure. 

The  bird  impact  test  results  are  conclusive.  The  new  W/WS  performed  significantly 
better  than  the  repaired  and  not  repaired  W/WS.  At  worst,  the  outboard  ply  of  a  new  W/WS 
was  broken.  For  the  repaired  W/WS,  fully  half  of  the  samples  had  all  three  plies  fail, 
although  none  had  bird  penetrations.  For  the  repaired  #4  W/WS,  only  an  outboard  ply  was 
broken.  The  unrepaired  #4  W/WS  performed  the  worst  in  the  bird  impact  tests,  with  one 
whole  W/WS  punching  out  of  the  frame.  This  W/WS  was  rejected  for  repair,  but  it  appears 
that  it  was  for  an  out-of-specification  heater  and  not  for  any  unrepairable  structural 
deficiency.  Similarly,  the  other  two  unrepaired  #4  W/WS  that  were  damaged  were  also 
rejected  for  out-of-specification  heaters.  The  fact  that  repaired  W/WS  performed  somewhat 
better  than  unrepaired  W/WS  seems  to  indicate  that  the  repairs  themselves  do  not  degrade  the 
W/WS. 

Some  of  the  repaired  #1  W/WS  had  a  reduced  thickness  in  the  edge  attachment  area. 
The  reduced  mounting  edge  thickness  was  noticed  when  bolts  that  had  previously  worked 
satisfactorily  for  mounting  new  W/WS  in  the  frames  for  bird  impact  tests  appeared  to  be  too 
long.  Basically,  the  bolts  would  bottom-out  on  the  aluminum  spacers  in  the  phenolic 
mounting  block  before  the  W/WS  was  tight  to  the  frame  (see  Figure  2.4).  The  reduction  in 
frame  thickness  could  have  been  caused  by  extrusion  of  the  vinyl  inner  layer  during  the 
relamination  repair  process,  it  could  have  occurred  as  a  result  of  creep  during  service,  or  it 
could  be  an  artifact  of  the  original  manufacturing  processes.  Table  4.19  summarizes  edge 
measurements  that  were  made  on  the  #1  bird  impact  W/WS  and  a  set  of  unrepaired  W/WS 
that  were  not  part  of  the  rest  of  this  program.  Reduced  mounting  edge  thickness  appears  to 
correlate  with  more  severe  impact  damage,  but  does  not  correlate  with  age  or  whether  or  not 
the  W/WS  has  been  repaired. 
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5.0  COST  ANALYSIS 


The  second  element  in  the  evaluation  of  the  feasibility  of  using  repaired  W/WS  in  Air 
Force  fleet  aircraft  was  a  cost  analysis.  The  commercial  fleet  has  a  very  favorable  cost 
benefit  using  repaired  W/WS.  If  using  W/WS  is  to  be  a  viable  option  for  the  Air  Force,  the 
costs  for  making  the  repairs  has  to  he  justifiably  less  than  the  cost  of  a  new  W/WS. 

5.1  Repair  Costs 

During  initial  contacts  with  NORDAM,  Perkins,  and  The  Glass  Doctor  and  prior  to 
contracting  for  any  repairs,  an  estimate  was  solicited  for  repairing  small  numbers  of  each  of 
the  five  C/KC-135  W/WS  types.  NORDAM  prices  their  repairs  on  the  basis  of  how  much 
work  is  required  to  do  the  repair,  i.e.,  a  W/WS  that  only  needs  polishing  costs  less  than  a 
W/WS  that  needs  polishing  and  relaminating,  and  thus  they  could  only  give  rough  estimates. 
Perkins  has  a  fixed  price  for  repairing  a  given  type  of  W/WS,  regardless  of  the  number  of 
steps  required  to  repair  the  W/WS,  and  offers  up  to  a  30-percent  discount  for  large  volume 
customers.  The  Glass  Doctor  offered  a  fixed  cost  per  W/WS  type.  All  of  the  repair  vendors 
perform  incoming  inspections  and  reject  unserviceable  W/WS,  charging  only  for  those  that 
they  successfully  repair.  Table  5.1  summarizes  the  initial  repair  quotations  from  the  three 
vendors. 

The  actual  costs  for  making  the  prototype  repairs  on  the  #1  and  #4  W/WS  that  were 
performance  tested  are  listed  in  Tables  5.2  and  5.3.  Actual  costs  were  consistent  with  the 
initial  repair  estimates.  For  reference,  Table  5.4  summarizes  the  quoted  repair  cost  for  all 
75  of  the  C/KC-135  repair  candidate  W/WS  that  were  procured  for  this  program.  The  latter 
table  reflects  the  incoming  W/WS  inspections  performed  by  NORDAM  and  Perkins. 

5.2  Costs  of  New  W/WS 

OC-ALC  provided  costs  for  new  C/KC-135  W/WS.  The  data  in  Table  5.5  is  the  Air 
Force  purchase  price  as  of  January  1994. 

5.3  Cost  Comparison 

The  average  cost  for  making  the  prototype  repairs  on  the  C/KC-135  #1  W/WS  was 
$1,943,  while  the  average  cost  of  making  the  prototype  repairs  on  the  #4  W/WS  was  $899. 
Comparing  these  numbers  to  the  current  purchase  price,  the  repairs  cost  75-percent  of  the 
purchase  price  of  a  new  #1  and  65-percent  of  the  purchase  price  of  a  new  #4. 

Taking  the  extremes  of  the  initial  repair  estimates,  actual  repair  costs,  or  cost  quotes 
from  NORDAM  and  Perkins,  and  assuming  a  large  enough  volume  so  that  Perkins  would 
offer  a  20-percent  volume  discount,  the  best-case,  actual,  and  worst-case  cost  scenarios  for 
repaired  C/KC-135  W/WS  are  as  shown  in  Table  5.6.  Had  The  Glass  Doctor  participated  in 
the  program  and  repaired  W/WS  at  the  prices  in  their  estimate,  the  low  values  in  Table  5.6 
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would  have  gone  to  51 -percent  for  #1  W/WS,  62-percent  for  #2  W/WS,  and  34-percent  for 
#3  WAVS. 


6.0  CONCLUSIONS,  RECOMMENDATIONS,  AND  DISCUSSION 
6.1  Conclusions 

The  Air  Force,  in  an  effort  to  reduce  fleet  maintenance  costs,  is  considering  the 
possibility  of  using  repaired  W/WS.  Prior  to  adopting  such  an  operating  policy,  however, 
the  Air  Force  ^cided  that  a  systematic  evaluation  was  required  to  ensure  that  repaired 
W/WS  are  safe)  and  that  they  provide  a  reasonable  cost  savings  benefit.  Based  on  the 
reported  cost  savings  and  favorable  experience  that  the  commercial  fleet  has  had  with 
repaired  W/WS,  the  use  of  repaired  W/WS  seems  very  attractive. 

The  approach  followed  for  evaluating  whether  the  use  of  repaired  W/WS  is  a  viable 
option  for  the  Air  Force  was  to  procure  some  used  W/WS,  make  repairs  on  them,  and  then 
subject  the  repaired  W/WS  to  a  series  of  tests  to  determine  the  difference  in  performance 
when  compared  with  new  W/WS.  The  cost  to  make  the  repairs  provides  the  data  for  the  cost 
benefit  analysis.  The  test  results  provide  the  data  for  an  evaluation  of  fitness  for  purpose  of 
the  repaired  W/WS. 

The  test  results  indicate  that  repaired  W/WS  are  not  equal  to  new  W/WS.  Many  of  the 
repaired  W/WS  still  contain  defects  Aat  would  not  pass  an  OEM  quality  assurance 
inspection.  None  of  the  W/WS,  new,  repaired,  or  not  repaired,  exhibited  any  dramatic 
differences  in  pressure  integrity.  Some  delamination  occurred  in  two  of  the  repaired  W/WS 
during  pressure  cycling,  but  it  was  not  severe.  The  residual  strength  of  the  pressure  cycled 
W/WS  tends  to  suggest  that  the  repaired  W/WS  are  not  quite  as  good  as  new  W/WS.  The 
bird  impact  test  results  are  quite  clear  -  the  new  W/WS  outperform  either  repaired  or 
unrepaired  W/WS. 

Having  established  that  repaired  W/WS  are  not  equal  to  new  W/WS,  the  question  that 
remains  to  be  answered  is  whether  or  not  repaired  W/WS  are  "good  enough."  The 
replacement  criteria  in  the  C/KC-135  W/WS  Technical  Order,  T.O.  lC-135(K)A-2-2,  are 
founded  on  two  major  principles: 

1)  A  W/WS  that  has  any  condition  that  impairs  visibility  must  be  replaced 

2)  The  W/WS  heater  must  function  properly. 

A  number  of  specific  inspection  items,  subordinate  to  these  principles,  provide  additional 
criterion  for  W/WS  replacement.  According  to  the  prevailing  Tech  Order  inspection  criteria, 
none  of  the  repaired  W/WS  would  have  been  removed  for  cause  from  service.  The  fact  that 
they  were  removed  and  were  subsequently  restored  to  a  condition  better  than  the  W/WS 
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replacement  criterion  suggests  that  they  were  in  fact  "good  enough."  The  repair  vendors  do 
not  claim  that  they  can  restore  a  W/WS  to  a  brand  new  condition.  Rather,  they  indicate  that 
the  repairs  they  perform  return  the  WAVS  to  a  fully  acceptable  and  functional  condition. 
Under  this  philosophy,  the  repaired  W/WS  do  appear  to  be  "good  enough." 

In  terms  of  performance,  the  most  demanding  test  is  the  bird  impact.  Using  the 
criteria  set  forth  in  MIL-W-81752A  (Windshield  Systems,  Fixed  Wing  Aircraft  General 
Specifications  For),  Paragraph  3.7.2  specifies  that  the  W/WS  should  be  able  to  sustain  a  4- 
pound  bird  impact  at  maximum  achievable  operational  true  airspeed  in  level  flight  at  up  to 
5000  feet  altitude  without  any  spall.  This  is  substantially  the  same  requirement  for 
commercial  fleet  W/WS  set  forth  in  "Part  25  -  Airworthiness  Standards:  Transport  Category 
Airplanes"  of  the  U.S.  Federal  Aviation  Regulations,  Paragraph  25.775.  The  velocity 
prescription  dictated  by  MIL-W-81752A  and  FAA  25.775  is  operationally  restricted, 
however,  by  Part  91,  Paragraph  91.117  of  the  FAA  Federal  Aviation  Regulations  which 
states  that  250  knots  is  the  maximum  allowable  aircraft  speed  below  10,000  feet  above  mean 
sea  level  without  special  authorization.  Assuming  that  the  250  knot  impact  velocity  is  the 
proper  performance  criterion,  all  of  the  new  and  repaired  #1  and  #4  W/WS^et  the  no  bird 
penetration  requirement,  while  two  of  the  repaired  #1  W/WS  technically  f^iP^p^no  spall 
criterion.  From  a  practical  viewpoint,  the  spall  was  very  modest,  so  the  repaired  W/WS 
appear  to  be  "good  enough." 

The  lone  W/WS  that  experienced  a  catastrophic  bird  impact  failure  (#4  W/WS,  S/N  7- 
H-2-4-35)  was  not  repaired.  Reviewing  the  repair  vendor’s  report  on  the  W/WS,  it  was 
rejected  for  repair  due  to  a  heater  that  was  out  of  specification  and  not  for  any  gross 
structural  deficiency,  such  a  vinyl  cracking  or  delamination.  The  only  other  vendor-reported 
damage  was  scratches.  The  Air  Force  HOWMAL  (how  malfunctioned)  comments  on  the 
removal  tag  indicated  that  it  had  a  burnt  discoloration  in  the  corner  at  the  edge  of  the  heater. 
The  fact  that  the  heater  was  defective  suggests  that  the  W/WS  may  have  been  subjected  to  in- 
service  pressure  cycles  with  the  vinyl  unheated.  This  would  have  been  hard  on  the  glass- 
vinyl  interface,  because  the  vinyl  would  have  been  relatively  brittle,  predisposing  the  W/WS 
to  fail  in  the  bird  impact  test.  On  the  other  hand,  if  the  heater  had  been  satisfactory,  the 
W/WS  probably  would  have  been  polished  and  considered  repaired.  Because  the  vinyl  itself 
failed,  it  is  unlikely  that  polishing  would  have  changed  the  outcome  of  the  test. 

The  bird  impacts  done  for  this  program  represent  the  first  ever  C/KC-135  W/WS  bird 
impact  tests.  In  addition  to  demonstrating  that  repaired  W/WS  are  probably  "good  enough," 
the  work  in  this  program  has  confirmed  that  the  basic  C/KC-135  W/WS  design  is  adequate. 

The  new  #\  W/WS  used  in  this  program  were  manufactured  in  1986.  The  fact  that 
they  performed  well  in  all  of  the  tests,  in  spite  of  sitting  in  warehouse  storage  for  7  years, 
indicates  that  these  W/WS  do  not  degrade  in  storage.  This  is  quite  important  when 
considered  in  the  context  of  a  possible  blanket  10-year  replacement  policy,  because  the  only 
method  available  now  to  track  the  10  years  is  by  manufacture  date.  To  implement  a 
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meaningful  10-year  W/WS  replacement  cycle  policy,  it  would  be  necessary  to  track 
individual  W/WS  service  history. 


The  cost  analysis  indicates  that  savings  may  be  realized.  For  this  program,  the  cost  of 
making  the  repairs  was  75-percent  of  the  new  W/WS  purchase  price  for  #1  W/WS  and  65- 
percent  for  the  #4  W/WS.  Considering  all  five  of  the  C/KC-135  W/WS  types  and  the  full 
range  of  estimates,  quotes,  and  actual  costs,  repairing  a  W/WS  might  cost  as  little  as  41- 
percent  of  a  new  W/WS,  but  it  could  also  cost  as  much  as'^2-percen^  ^ 

The  costs  quoted  are  only  the  direct  repair  costs.  To  this  must  be  added  the  direct  cost 
of  transportation  and  the  indirect  costs  of  procuring  the  service  (contracting  -  more  vendors 
will  be  involved),  administratinglf^ac^unte  payable,  records  management,  QA  inspection  of 
the  vendors,  etc.)  and  operating  ^Tstorage,  shipping  and  handling,  outgoing/incoming 
inspection,  etc.).  These  items  will  certainly  make  the  economics  less  favorable  and  to  ignore 
them  would  be  a  false  economy.  On  the  positive  side  of  the  economic  issue,  the  repair 
vendors  do  not  directly  charge  for  W/WS  inspections  or  for  any  repair  work  that  does  not 
result  in  a  shippable  W/WS.  The  cost,  both  economic  and  environmental,  of  disposal  of  all 
of  the  W/WS  that  are  currently  removed  and  sent  to  a  landfill  cannot  be  ignored.  Repaired 
W/WS  would  certainly  have  an  advantage  here. 


A  final  consideration  of  an  economic  nature  that  must  be  factored  into  the  decision  to 
use  repaired  W/WS  is  new  W/WS  availability.  There  may  be  a  persuasive  economic  reason 
to  use  repaired  W/WS  if  new  W/WS  are  in  short  supply.  The  repair  vendors  could  probably 
be  queued  up  to  make  repairs,  basically  on  demand,  and  could  provide  a  "just  in  time" 
service.  As  opposed  to  having  aircraft  out  of  service  because  new  W/WS  were  not  available, 
repaired  W/WS  could  be  used. 


6.2  Recommendations 


Recommendations  that  can  be  made  as  a  result  of  the  work  performed  on  this  program 
are  contingent  upon  the  Air  Force  making  a  decision,  based  on  the  available  data,  that  the 
performance  of  repaired  W/WS  is  acceptable. 

If,  in  the  opinion  of  the  Air  Force,  the  performance  of  repaired  W/WS  is  deemed  "good 
enough:" 

1)  NORDAM  Transparency  Division,  and  Perkins  Aircraft  Services,  Inc.  are 
recommended  as  vendors.  No  recommendation  can  be  made  regarding  The 
Glass  Doctor,  because  they  supplied  no  test  articles  for  this  program. 
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2)  Based  on  the  results  of  this  study,  the  repair  processes  that  can  be  recommended 
are: 

a)  Relaminating  using  autoclave  processes  involving  application  of  heat  and 
pressure 

b)  Grinding  and  polishing  of  the  external  surfaces  of  the  glass 

c)  Seal/bumper  maintenance 

d)  Minor  clean-up  of  electrical  terminals 

3)  Repair  processes  that  cannot  be  recommended  at  this  time  by  virme  of  not  having 
been  used  in  this  program  are: 

a)  Complete  replacement  of  a  glass  ply 

b)  Delamination  or  crack  repair  involving  injection  of  adhesives  or  filling 
with  transparent  polymerizable  resins 

c)  Sensor  replacement 

d)  Busbar/heater  wire  repair/replacement 

4)  A  formal  Air  Force  quality  assurance  (Q/A)  program  should  be  instimted  to  set 
forth  requirements  for  the  repair  vendors.  This  will  eliminate  the  annoying,  but 
easily  corrected,  problems  with  wrong  seals/bumpers  on  repaired  W/WS.  In 
addition,  this  Q/A  program  should  also  be  charged  with  performing  an  incoming 
inspection  of  W/WS  coming  back  from  the  repair  vendors. 

5)  A  policy  that  prevents  a  W/WS  from  undergoing  more  than  one  repair  cycle 
should  be  instituted.  The  contractual  requirements  for  the  repair  vendors  should 
stipulate  that  all  repaired  W/WS  must  be  marked  to  identify  that  they  have  been 
repaired  and  by  whom.  No  data  have  been  collected  to  support  the  use  of  re¬ 
repaired  W/WS. 

6)  The  Air  Force  should  use  the  cost  data  in  this  report  as  the  starting  point  for  a 
complete  cost/benefit  analysis  to  satisfy  themselves  that  there  is  an  economic 
advantage  to  using  repaired  W/WS.  Full  costs,  including  all  direct  and  indirect 
cost  for  labor,  materials,  and  facilities  must  be  included.  This  must  be  done  on 
a  W/WS  by  W/WS  basis,  because  the  data  from  this  program  suggest  that  some 
W/WS  can  be  replaced  at  less  cost  than  they  can  be  repaired. 

It  is  important  to  emphasize  that  all  of  the  recommendations  offered  above  are  contingent  on 
the  Air  Force  deciding  that  the  performance  of  the  repaired  W/WS  is  adequate. 
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6.3  Discussion 


In  reviewing  the  test  data,  the  question  of  why  one  W/WS  should  perform  better  or 
worse  than  another  in  a  structural  test  was  considered.  Four  possible  causes  were  identified: 

•  Vinyl  degradation  -  Vinyl,  being  a  plastic  is  subject  to  UV  degradation  and 
general  aging  due  to  loss  of  plasticizer.  As  a  result  of  the  aging,  the  vinyl  may 
become  brittle  and  crack,  thus  reducing  its  load  carrying  capacity  in  the 
laminate  The  vinyl  could  also  be  preferentially  squeezed  from  the  edge  of  the 
W/WS  during  a  relaminating  repair  process  or  in  service.  Because  the  vinyl  is 
the  only  strucmral  ply  that  carries  the  load  into  the  W/WS  frame  for  a  bird 
impact,  if  this  occurred,  the  load  capacity  of  the  W/WS  would  be  degraded. 

•  Grinding/polishing  of  the  glass  -  The  C/KC-135  W/WS  use  heat-strengthened 
glass.  In  producing  this  type  of  glass,  the  ply  is  heated  to  near  its  softening 
point  and  then  quenched  to  introduce  compressive  residual  stresses  in  the  surface 
layers  as  shown  in  Figure  6.1.  Tensile  stresses  inside  the  glass  exist  to 
equilibrate  the  compressive  surface  stresses.  Because  glass  only  fails  due  to 
tensile  stresses  at  the  surface,  the  residual  compressive  stresses  must  be 
overcome  to  initiate  a  failure.  Grinding  and  polishing  remove  some  of  the 
beneficial  compressive  stresses,  and  hence,  the  overall  strength  of  the  glass  ply  is 
reduced.  Removal  of  the  highest  compressive  stress  layer,  however,  must  be 
balanced  against  removal  of  flaws.  In  concert  with  the  obvious  effect  of  removal 
of  the  highest  compressive  stress  layer,  as  far  as  flaw  tolerance  goes,  the  surface 
may  also  not  be  as  smooth  after  grinding/polishing.  Smoother  surfaces  have  less 
flaws  and  a  profoundly  higher  strength^^^l 

•  Stress  corrosion  cracking  of  the  glass  -  The  surface  of  glass  contains  many 
microscopic  cracks  and  fissures,  and  under  a  sustained  load,  the  presence  of 
moisture  exacerbates  the  growth  of  these  cracks^^^"^^^.  Generally,  water  vapor  in 
the  air  is  sufficient  to  cause  the  degradation.  Elevated  temperamres  and  longer 
exposures  accelerate  the  stress  corrosion  cracking  effect.  Although  there  is  no 
direct  evidence  that  aircraft  W/WS  degrade  dramatically  from  this  phenomenon, 
the  fact  that  the  W/WS  are  highly  stressed  due  to  thermal  and  pressure  loading, 
they  are  exposed  to  atmospheric  moisture,  they  are  routinely  heated  in  a  high 
stress  state,  and  that  old  W/WS  performed  below  new  W/WS  in  the  strucmral 
tests  suggests  that  there  may  be  more  than  a  casual  cause-effect  relationship. 

•  Fatigue  -  Glass  exhibits  a  complex  load  rate-cyclic  loading  behavior.  Under  a 
constant  maximum  load,  no  effect  of  cyclic  loading  is  observed,  but  under 
increasing  maximum  load,  cyclic  loading  reduces  the  strength^^^’^^^.  The  net 
effect  for  a  W/WS  undergoing  repeated  pressure  cycles  is  not  clear,  but  it  seems 
plausible  that  some  amount  of  micro-crack  propagation  occurs. 
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There  is  no  conclusive  evidence  that  the  results  of  this  test  program  can  be  directly  attributed 
to  any  of  the  mechanisms  described  above.  However,  it  does  not  seem  unreasonable  to 
suggest  that  they  might.  As  far  as  the  implications  for  use  of  repaired  W/WS,  vinyl 
degradation,  stress  corrosion  cracking,  and  fatigue  affect  both  repaired  and  unrepaired 
W/WS.  Only  repaired  W/WS  would  seem  to  be  susceptible  to  the  grinding/polishing 
degradation  mechanism. 

It  would  be  nice  to  be  able  to  make  generalizations  about  some  W/WS  being  better 
repair  candidates  than  others,  possibly  based  on  age.  Unfortunately,  there  is  just  too  little 
data  to  support  such  generalizations.  There  are  enough  inconsistencies  in  the  data,  i.e.,  new 
W/WS  older  than  some  of  the  repaired  ones,  some  very  old  W/WS  performing  just  as  well 
as  new  W/WS  (1971  rnanufacmre  #\  W/WS  S/N  l-H-10-5-480  pressure  cycle  and  ball  drop, 
1974  manufacture  #4  W/WS  S/N  4-H-10-9-69  bird  strike),  etc.,  that  one  cannot  readily  see 
trends  in  the  data.  To  try  to  treat  the  test  results  in  a  statistical  manner,  looking  for 
correlations,  just  does  not  make  any  sense  with  such  small  sample  populations.  The  best  that 
one  can  say  is  that  repaired  W/WS  are  not  equivalent  to  new  W/WS. 

It  is  unfortunate  that  The  Glass  Doctor  declined  to  participate  in  this  program.  The 
repairs  that  The  Glass  Doctor  makes  are  unique,  and  based  on  their  cost  estimates,  quite 
inexpensive.  The  long-term  performance  of  the  materials  that  The  Glass  Doctor  injects  into 
the  W/WS  may  be  a  concern,  particularly  in  terms  of  extended  exposure  to  ultra-violet 
radiation.  The  quality  assurance  aspect  of  not  being  certain  of  what  is  being  injected  in  any 
given  repair  is  also  of  concern.  On  the  other  hand.  The  Glass  Doctor  does  warranty  repairs, 
other  than  improper  handling,  for  up  to  three  years. 

The  issue  of  commercial  construction  W/WS  versus  military  construction  W/WS 
deserves  some  comment.  According  to  PPG,  back  when  Boeing  707's  were  first  coming  into 
service,  chipping  of  the  outer  ply  glass  in  the  comers  was  common  and  was  attributed  to 
uneven  W/WS  heating  causing  differential  thermal  expansion/contraction  of  the  glass  and  the 
underlying  vinyl.  The  slip  planes  in  the  current  C/KC-135  W/WS  are  there  to  help  control 
this  problem.  To  completely  eliminate  the  problem,  Boeing  tried  sewing  fine  wires  in  with 
the  vinyl,  so-called  edge  heaters,  to  keep  the  vinyl  "soft"  in  the  W/WS  comers.  This  was 
not  very  successful,  because  no  additional  power  was  applied  to  the  W/WS  and  failure  of  the 
edge  heaters  was  common.  A  second  solution,  was  to  put  external  glue-on  edge  heaters  on 
the  inside  of  the  W/WS.  This  approach,  unfortunately,  does  not  put  the  heat  where  it  is 
needed  -  at  the  outer  glass  ply  to  vinyl  interface.  The  final  solution,  which  is  the  current 
commercial  W/WS  standard,  was  to  put  a  thin  layer  of  polyurethane  between  the  vinyl  and 
the  outer  glass  ply.  Because  the  polyurethane  is  more  ductile  and  does  not  bond  as  tightly  to 
the  glass  as  vinyl,  the  glass  and  vinyl  can  move  somewhat  independently.  The  polyurethane 
layer,  which  could  simply  be  added  to  the  existing  W/WS  because  of  the  large  tolerances  on 
glass  and  overall  assembly  thickness,  eliminated  the  edge  cracking  problems  and  did  away 
with  the  need  for  slip  planes  and  edge  heaters.  The  cost  of  a  polyurethane  layer  W/WS  is 
something  less  than  10-percent  higher  than  the  cost  of  a  vinyl-only  W/WS.  The  polyurethane 
is  itself  significantly  more  expensive,  but  this  is  balanced  against  less  labor  because  the  slip 


30 


planes  and  edge  heaters  are  eliminated.  For  commercial  fleets,  the  higher  cost  is  justified  on 
the  basis  of  more  flight  hours  between  W/WS  replacements.  For  C/KC-135's,  because  they 
do  not  see  nearly  the  flight  hours  per  year  that  commercial  planes  see,  the  cost  to  benefit 
ratio  for  the  technically  superior  polyurethane  layer  W/WS  may  not  be  low  enough. 
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Table  2.1  C/KC-135  WAVS  Part  Niimbere 


Type  of  Windshield 

NSN 

Part  Number 

#1  Pilot 

1560-01-048-1885  FL 

5-89354-501 

#1  Copilot 

1560-01-048-1786  FL 

5-89354-502 

#2  Pilot 

1560-01-009-3320  FL 

5-89355-501 

#2  Copilot 

1560-01-008-7396  FL 

5-89355-502 

#3  Pilot 

1560-00-575-6302  FL 

5-89356-501 

#3  Copilot 

1560-00-575-6297  FL 

5-89356-502 

#4  Pilot 

1560-00-575-6299  FL 

5-71764-501 

#4  Copilot 

1560-00-575-6298  FL 

5-71764-502 

#5  Pilot 

1560-00-575-6300  FL 

5-89358-501 

#5  Copilot 

1560-00-575-6301  FL 

5-89358-502 

Table  2.2  C/KC-135  Program  WAVS 


Type  of  \^1ndshield  (1-5) 

S/N 

Condition 

1 

82-H-9-6-537 

repairable 

1 

84-H-3-19-220 

repairable 

1 

l-H-10-5-480 

repairable 

1 

83-H-9-19-294 

not  repairable 

1 

83-H-9-19-282 

repairable 

1 

83-H-8-15-756 

repairable 

1 

82-H-lO-l  8-107 

repairable 

1 

83-H-l  1-7-432 

repairable 

1 

82-H-9-6-235 

repairable 

1 

83-H-l  1-21-325 

repairable 

1 

86-H-12-01-146 

repairable 

1 

88-H-02-08-436 

repairable 

1 

6-H-8-4-26 

repairable 

1 

89-286-HO-697 

repairable 

1 

82-H-10-105 

repairable 

1 

83-H-9-19-459 

repairable 

1 

82-H-12-6-431 

repairable 

Table  2.2  C/KC-135  Program  WA¥S  continued 


Type  of  Windshield  (1-5) 

S/N 

Condition 

2 

repairable 

2 

repairable 

2 

85-H-06-03-722 

repairable 

2 

6-H-2-27-57 

not  repairable 

2 

6-H-2-20-23 

not  repairable 

3 

5-H-3-2-730 

not  repairable 

3 

6-H-3-18-28 

not  repairable 

3 

not  repairable 

3 

not  repairable 

3 

B73-2815 

not  repairable 

3 

not  repairable 

3 

B73-3565 

not  repairable 

3 

not  repairable 

3 

not  repairable 

3 

not  repairable 

3 

B73-2509 

not  repairable 

3 

5-H-2-16-042 

not  repairable 

3 

not  repairable 

3 

not  repairable 

3 

4-H-9-18-15 

not  repairable 

3 

7-H-12-13-67 

not  repairable 

Table  2.2  C/KC-135  Program  WAVS  continued 


Type  of  Windshield  (1-5) 

S/N 

Condition 

4 

4-H-10-15-108 

not  repairable 

4 

4-H-10-9-75 

not  repairable 

4 

4-H-9-28-87 

repairable 

4 

5-H-12-16-47 

repairable 

4 

6-H-4-29-50 

not  repairable 

4 

8-H-2-06-585 

repairable 

4 

87-H-04-20-130 

repairable 

4 

7-H-1-25-01 

not  repairable 

4 

3-H-4-26-45 

repairable 

4 

82-H-12-6-392 

not  repairable 

4 

B75-1149 

repairable 

4 

6-H-12-02-36 

not  repairable 

4 

85-H-07-01-276 

repairable 

4 

7-H-2-4-35 

not  repairable 

4 

90-173-HO-721 

repairable 

4 

4-H-10-9-69 

not  repairable 

4 

4-C-02-12-10 

not  repairable 

4 

84-H-10-15-1225 

repairable 

4 

85-H-07-01-366 

repairable 

4 

85-H-09-02-795 

not  repairable 

4 

5-H-5-23-84 

not  repairable 

Table  2.2  C/KC-135  Program  W/WS  continued 


Type  of  Windshield  (1-5) 

S/N 

Condition 

5 

4-C-5-16-11 

not  repairable 

5 

4-C-5-28-16 

not  repairable 

5 

4-H-8-30-95 

repairable 

5 

5-H-2-5-75 

not  repairable 

5 

2-H-12-15-58 

not  repairable 

5 

H-30-67 

not  repairable 

5 

7-H-10-14-56 

repairable 

5 

2-H-6-20-70 

not  repairable 

5 

2-H-4-24-49 

not  repairable 

5 

4-C-7-12-22 

repairable 

5 

4-H-8-33-64 

not  repairable 

5 

5-H-12-5-05 

repairable 

5 

4-C-6-12-13 

not  repairable 

5 

2-H-6-29-06 

not  repairable 

5 

3-H-5-23-79 

repairable 

Table  2.3  C/KC-135  #1  and  #4  W/WS  Dimensions 


n  W/S 

#4  W/S 

Length  (approx),  inches 

35 

13 

Height  (approx),  inches 

18 

10 

Thickness  (approx),  inches 

1 

1 

Weight  (approx),  pounds 

46 

8 
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Table  3.1  C/KC-135  Repaired  and  Not  Repaired  #1  W/WS  in  the  Test  Program 


S/N 

Repair 

Vendor 

Vendor  Damage 
Comments 

Vendor  Repair  Comments 

83-H-l  1-7-432 

Perkins 

delaminated 

82-H-10-18-105 

Perkins 

delaminated,  scratched 

88-H-02-08-436 

NORDAM 

scratches 

polish,  replace  bumper  and 
pressure  seal 

82-H-12-6-431 

NORDAM 

scratches  and  chips 

polish,  replace  bumper  and 
pressure  seal 

l-H-10-5-480 

Perkins 

delaminated,  scratched 

83-H-9-19-294 

Perkins 

delaminated 

not  repairable 

82-H-9-6-537 

NORDAM 

scratches 

polish,  replace  bumper  and 
pressure  seal 

83-H-9-19-459 

NORDAM 

scratches  and  chips 

polish,  replace  bumper  and 
pressure  seal 

83-H-9-19-282 

Perkins 

delaminated 

83-H-8-15-756 

Perkins 

delaminated 

84-H-3-19-220 

Perkins 

delaminated,  scratched 

86-H-12-01-146 

NORDAM 

scratches  and  chips 

polish,  replace  bumper  and 
pressure  seal 

82-H-10-18-107 

Perkins 

delaminated 

82-H-9-6-235 

NORDAM 

scratches 

polish,  replace  biunper  and 
pressure  seal 

83-H-l  1-21-325 

NORDAM 

scratches  and  chips 

polish,  replace  bumper  and 
pressure  seal 

89-286-HO-697 

NORDAM 

scratches 

polish,  replace  bumper  and 
pressure  seal 

Table  3.2  C/KC-135  Repaired  and  Not  Repaired  #4  WAVS  in  the  Test  Program 


S/N 

Repair 

Vendor 

Vendor  Damage 
Comments 

Repair  Comments 

B75-1149 

NORDAM 

scratches 

polish,  replace  bumper  and 
pressure  seals 

85-H-07-01-276 

NORDAM 

scratches 

polish,  replace  bumper  and 
pressure  seals 

90-173-HO-721 

Perkins 

bad  terminal  block 

5-H-5-23-84 

NORDAM 

delamination,  scratches, 
bad  resistance 

not  repairable 

7-H-2-4-35 

NORDAM 

scratches,  bad  resistance 

not  repairable 

4-H-10-9-69 

Perkins 

contaminated 

not  repairable 

82-H-12-6-392 

Perkins 

contaminated 

not  repairable 

6-H-12-02-36 

Perkins 

bad  resistance 

not  repairable 

87-H-04-20-130 

NORDAM 

scratches 

polish,  replace  bumper  and 
pressure  seals 

8-H-2-06-585 

Perkins 

delamination,  scratches 

85-H-07-01-366 

NORDAM 

scratches 

polish,  replace  bumper  and 
pressure  seals 

5-H-12-16-47 

NORDAM 

delamination,  scratches 

polish,  autoclave,  replace 
bumper  and  pressure  seals 

84-H-10-15-1225 

NORDAM 

delamination,  scratches 

polish,  autoclave,  replace 
bumper  and  pressure  seals 

4-H-9-28-87 

NORDAM 

scratches 

polish,  replace  bumper  and 
pressure  seals 

3-H-4-26-45 

NORDAM 

delamination,  scratches, 
and  chips 

polish,  autoclave,  replace 
bumper  and  pressure  seals 

4-H-10-15-108 

NORDAM 

delamination,  scratches, 
bad  resistance 

not  repairable 
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Table  4.1  C/KC-135  #1  WAVS  General  Examination  and  Dimensional  Measurements  Test 

Results  (acc= acceptable,  REJ=  reject) 


S/N 

Type 

Visual 

Examination 

Seal 

Vinyl 

Dimensional 

Check 

Comments 

86-H-10-06-062 

new 

acc 

acc 

acc 

acc 

86-H-10-06-092 

new 

acc 

acc 

acc 

acc 

86-H-10-06-013 

new 

acc 

acc 

acc 

acc 

86-H-10-06-048 

new 

acc 

acc 

acc 

acc 

83-H-l  1-7-432 

repaired 

REJ 

REJ 

acc 

acc 

l,a 

82-H-10-18-105 

repaired 

REJ 

REJ 

acc 

acc 

l,2,b 

88-H-02-08-436 

repaired 

REJ 

REJ 

acc 

acc 

l,b 

82-H-12-6-431 

repaired 

REJ 

acc 

acc 

acc 

1 

l-H-10-5-480 

repaired 

REJ 

REJ 

acc 

acc 

l,c 

83-H-9-19-294 

not 

repaired 

REJ 

REJ 

REJ 

acc 

l,2,d 

82-H-9-6-537 

repaired 

REJ 

REJ 

acc 

acc 

l,c 

83-H-9-19-459 

repaired 

REJ 

REJ 

acc 

acc 

l,2,b 

Key  to  Comments 

1  -  air  and  delamination  at  edges  a  -  air  and  water  breach  seal 

2  -  surface  scratch(es)  b  -  seal  needs  to  be  trimmed 

3  -  delamination  at  edges  c  -  wrong  seal  on  outboard  side 

4  -  air  and  delamination  throughout  d  -  seal  falling  apart 

5  -  delamination  in  comers  e  -  bad  seal 

6  -  surface  chip  f  -  bad  bumper 

g  -  no  outboard  seal 
h  -  no  outboard  bumper 
i  -  inboard  bumper  bad 
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Table  4.1  C/KC-135  #1  WAVS  General  Examination  and  Dimensional  Measurements  Test 
Results  continued  (acc= acceptable,  REJ=  reject) 


S/N 

Type 

Visual 

Examination 

Seal 

Vinyl 

Dimensional 

Check 

Comments 

86-H-10-06-007 

new 

acc 

acc 

acc 

acc 

86-H-10-06-030 

new 

acc 

acc 

acc 

acc 

86-H-10-06-022 

new 

acc 

acc 

acc 

acc 

86-H-10-06-096 

new 

acc 

acc 

acc 

acc 

83-H-9-19-282 

repaired 

REJ 

REJ 

acc 

acc 

3,c 

83-H-8-15-756 

repaired 

acc 

REJ 

acc 

acc 

c 

84-H-3-19-220 

repaired 

REJ 

REJ 

acc 

acc 

4,b 

86-H-12-01-146 

repaired 

acc 

REJ 

acc 

acc 

c 

82-H-10-18-107 

repaired 

REJ 

REJ 

acc 

acc 

5,b 

82-H-9-6-235 

repaired 

REJ 

REJ 

acc 

acc 

l,2,6,b 

83-H-l  1-21-325 

repaired 

REJ 

REJ 

acc 

acc 

l,b 

89-286-HO-697 

repaired 

REJ 

REJ 

acc 

acc 

2,b 

Key  to  Comments 


1  -  air  and  delamination  at  edges  a  -  air  and  water  breach  seal 

2  -  surface  scratch(es)  b  -  seal  needs  to  be  trimmed 

3  -  delamination  at  edges  c  -  wrong  seal  on  outboard  side 

4  -  air  and  delamination  throughout  d  -  seal  falling  apart 

5  -  delamination  in  comers  e  -  bad  seal 

6  -  surface  chip  f  -  bad  bumper 

g  -  no  outboard  seal 
h  -  no  outboard  bumper 
i  -  inboard  bumper  bad 
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Table  4.2  C/KC-135  #4  WAVS  General  Examination  and  Dimensional  Measurements  Test 

Results  (acc= acceptable,  REJ=  reject) 


S/N 

Type 

Visual 

Examination 

Seal 

Vinyl 

Dimensional 

Check 

Comments 

B75-1149 

repaired 

REJ 

REJ 

acc 

acc 

3,c 

92-064-HO-471 

new 

acc 

acc 

acc 

acc 

92-064-HO-473 

new 

acc 

acc 

acc 

acc 

92-059-HO-350 

new 

acc 

acc 

acc 

acc 

92-025-HO-006 

new 

acc 

acc 

acc 

acc 

92-119-HO-186 

new 

acc 

acc 

acc 

acc 

85-H-07-01-276 

repaired 

REJ 

REJ 

acc 

no  data 

l,c 

90-173-HO-721 

repaired 

acc 

REJ 

acc 

acc 

c 

5-H-5-23-84 

not  repaired 

REJ 

REJ 

REJ 

acc 

l,2,e,f 

7-H-2-4-35 

not  repaired 

REJ 

REJ 

no  data 

acc 

l,2,f 

4-H-10-9-69 

not  repaired 

REJ 

REJ 

REJ 

acc 

l,g,h 

82-H-12-6-392 

not  repaired 

REJ 

REJ 

REJ 

acc 

l,g,h 

6-H-12-02-36 

not  repaired 

REJ 

REJ 

acc 

acc 

l,h 

Key  to  Comments 


1  -  air  and  delamination  at  edges 

2  -  surface  scratch(es) 

3  -  delamination  at  edges 

4  -  air  and  delamination  throughout 

5  -  delamination  in  corners 

6  -  surface  chip 


a  -  air  and  water  breach  seal 
b  -  seal  needs  to  be  trimmed 
c  -  wrong  seal  on  outboard  side 
d  -  seal  falling  apart 
e  -  bad  seal 
f  -  bad  bumper 
g  -  no  outboard  seal 
h  -  no  outboard  bumper 
i  -  inboard  bumper  bad 
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Table  4.2  C/KC-135  #4  WAVS  General  Examination  and  Dimensional  Measurements  Test 
Results  continued  (acc= acceptable,  REJ=  reject) 


S/N 

Type 

Visual 

Examination 

Seal 

Vinyl 

Dimensional 

Check 

Comments 

87-H-04-20-130 

repaired 

REJ 

REJ 

acc 

acc 

6,c 

8-H-2-06-585 

repaired 

REJ 

REJ 

acc 

no  data 

l,c,i 

85-H-07-01-366 

repaired 

REJ 

REJ 

acc 

acc 

l,c,f 

92-064-HO-470 

new 

acc 

acc 

acc 

acc 

92-098-HO-591 

new 

acc 

acc 

acc 

acc 

92-093-HO-392 

new 

acc 

acc 

acc 

acc 

92-093-HO-388 

new 

acc 

acc 

acc 

acc 

5-H-12-16-47 

repaired 

REJ 

REJ 

acc 

acc 

l,c 

84-H-10-15-1225 

repaired 

REJ 

REJ 

REJ 

acc 

l,2,c 

4-H-9-28-87 

repaired 

REJ 

acc 

acc 

acc 

1 

3-H-4-26-45 

repaired 

REJ 

REJ 

REJ 

acc 

l,2,f,g 

4-H-10-15-108 

not 

repaired 

REJ 

REJ 

REJ 

acc 

1,2, 

Key  to  Comments 


1  -  air  and  delamination  at  edges 

2  -  surface  scratch(es) 

3  -  delamination  at  edges 

4  -  air  and  delamination  throughout 

5  -  delamination  in  comers 

6  -  surface  chip 


a  -  air  and  water  breach  seal 
b  -  seal  needs  to  be  trimmed 
c  -  wrong  seal  on  outboard  side 
d  -  seal  falling  apart 
e  -  bad  seal 
f  -  bad  bumper 
g  -  no  outboard  seal 
h  -  no  outboard  bumper 
i  -  inboard  bumper  bad 
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Table  4.3  C/KC-135  ffl  WAVS  Basic  Electrical  Measurements  Test  Results 

(acc= acceptable,  REJ=reject) 


S/N 

Type 

Bus 

Resistance 

Sensor 

Resistance 

Insulation  Integrity 

bus-to- 

sensor 

sensor-to- 

frame 

sensor-to- 

sensor 

86-H-10-06-062 

new 

acc 

acc 

acc 

acc 

acc 

86-H-10-06-092 

new 

acc 

acc 

acc 

acc 

acc 

86-H-10-06-013 

new 

acc 

acc 

acc 

acc 

acc 

86-H-10-06-048 

new 

acc 

acc 

acc 

acc 

acc 

83-H-l  1-7-432 

repaired 

acc 

acc 

acc 

acc 

acc 

82-H-10-18-105 

repaired 

acc 

acc 

acc 

acc 

REJ 

88-H-02-08-436 

repaired 

acc 

acc 

acc 

acc 

REJ 

82-H-12-6-431 

repaired 

acc 

acc 

acc 

acc 

acc 

l-H-10-5-480 

repaired 

acc 

acc 

acc 

acc 

acc 

83-H-9-19-294 

not 

repaired 

acc 

acc 

acc 

acc 

REJ 

82-H-9-6-537 

repaired 

acc 

acc 

acc 

acc 

REJ 

83-H-9-19-459 

repaired 

acc 

acc 

acc 

acc 

REJ 

86-H-10-06-007 

new 

acc 

acc 

acc 

acc 

acc 

86-H-10-06-030 

new 

acc 

acc 

acc 

acc 

acc 

86-H-10-06-022 

new 

acc 

acc 

acc 

acc 

acc 

86-H-10-06-096 

new 

acc 

acc 

acc 

acc 

acc 

83-H-9-19-282 

repaired 

acc 

acc 

acc 

acc 

acc 

83-H-8-15-756 

repaired 

acc 

acc 

acc 

acc 

acc 

84-H-3-19-220 

repaired 

acc 

acc 

acc 

acc 

REJ 

86-H-12-01-146 

repaired 

acc 

acc 

acc 

acc 

acc 

82-H-10-18-107 

repaired 

acc 

acc 

acc 

acc 

REJ 

82-H-9-6-235 

repaired 

acc 

acc 

acc 

acc 

REJ 

83-H-l  1-21-325 

repaired 

acc 

acc 

acc 

acc 

REJ 

89-286-HO-697 

repaired 

acc 

acc 

acc 

acc 

REJ 

Table  4.4  C/KC-135  #4  WAVS  Basic  Electrical  Measurements  Test  Results 

(acc= acceptable,  REJ=  reject) 


S/N 

l^pe 

Bus 

Resistance 

Insulation  Integrity 

bus-to-frame 

B75-1149 

repaired 

acc 

acc 

92-064-HO-471 

new 

acc 

acc 

92-064-HO-473 

new 

acc 

acc 

92-059-HO-350 

new 

acc 

acc 

92-025-HO-006 

new 

acc 

acc 

92-119-HO-186 

new 

acc 

acc 

85-H-07-01-276 

repaired 

REJ 

no  data 

90-173-HO-721 

repaired 

REJ 

acc 

5-H-5-23-84 

not  repaired 

REJ 

acc 

7-H-2-4-35 

not  repaired 

REJ 

acc 

4-H-10-9-69 

not  repaired 

acc 

acc 

82-H-12-6-392 

not  repaired 

acc 

acc 

6-H-12-02-36 

not  repaired 

acc 

acc 

87-H-04-20-130 

repaired 

acc 

acc 

8-H-2-06-585 

repaired 

acc 

acc 

85-H-07-01-366 

repaired 

acc 

acc 

92-064-HO-470 

new 

acc 

acc 

92-098-HO-591 

new 

acc 

acc 

92-093-HO-392 

new 

acc 

acc 

92-093-HO-388 

new 

acc 

acc 

5-H-12-16-47 

repaired 

REJ 

acc 

84-H-10-15-1225 

repaired 

acc 

acc 

4-H-9-28-87 

repaired 

acc 

acc 

3-H-4-26-45 

repaired 

acc 

acc 

4-H-10-15-108 

not  repaired 

REJ 

acc 
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Table  4.5  C/KC-135  #1  WAVS  Heater  Operation  Test  Results 
(acc= acceptable,  REJ=  reject) 


I 


S/N 

Type 

Heater 

Operation 

Hot/Cold 

Spots 

Heater  Film 
Scratch  Test 

86-H-10-06-062 

new 

90-110°  F 

no 

acc 

86-H-10-06-092 

new 

90-115°  F 

no 

acc 

86-H-10-06-013 

new 

90-110°  F 

no 

acc 

86-H-10-06-048 

new 

90-110°  F 

no 

acc 

83-H-l  1-7-432 

repaired 

85-115°  F 

no 

acc 

82-H-10-18-105 

repaired 

85-110°  F 

no 

acc 

88-H-02-08-436 

repaired 

90-110°  F 

no 

acc 

82-H-12-6-431 

repaired 

95-120°  F 

no 

acc 

l-H-10-5-480 

repaired 

90-115°  F 

no 

acc 

83-H-9-19-294 

not  repaired 

no  test 

- 

acc 

82-H-9-6-537 

repaired 

80-140°  F 

no 

acc 

83-H-9-19-459 

repaired 

90-110°  F 

no 

acc 

86-H-10-06-007 

new 

90-115°  F 

no 

acc 

86-H-10-06-030 

new 

90-115°  F 

no 

acc 

86-H-10-06-022 

new 

missing  photo 

- 

acc 

86-H-10-06-096 

new 

90-110°  F 

no 

acc 

83-H-9-19-282 

repaired 

90-115°  F 

no 

acc 

83-H-8-15-756 

repaired 

90-115°  F 

no 

acc 

84-H-3-19-220 

repaired 

90-110°  F 

no 

acc 

86-H-12-01-146 

repaired 

95-120°  F 

no 

acc 

82-H-10-18-107 

repaired 

90-115°  F 

no 

acc 

82-H-9-6-235 

repaired 

90-115°  F 

no 

acc 

83-H-l  1-21-325 

repaired 

90-115°  F 

no 

acc 

89-286-HO-697 

repaired 

90-115°  F 

no 

acc 

Table  4.6  C/KC-135  #4  WAVS  Heater  Operation  Test  Results 
(acc= acceptable,  REJ=  reject) 


S/N 

Type 

Heater 

Operation 

B75-1149 

repaired 

95-115°  F 

92-064-HO-471 

new 

95-110°  F 

92-064-HO-473 

new 

95-120°  F 

92-059-HO-350 

new 

95-110°  F 

92-025-HO-006 

new 

95-110°  F 

92-119-HO-186 

new 

missing  photo 

85-H-07-01-276 

repaired 

no  test 

90-173-HO-721 

repaired 

no  test 

5-H-5-23-84 

not  repaired 

95-115°  F 

7-H-2-4-35 

not  repaired 

95-115°  F 

4-H-10-9-69 

not  repaired 

95-110°  F 

82-H-12-6-392 

not  repaired 

95-115°  F 

6-H-12-02-36 

not  repaired 

95-110°  F 

87-H-04-20-130 

repaired 

95-110°  F 

8-H-2-06-585 

repaired 

95-110°  F 

85-H-07-01-366 

repaired 

missing  photo 

92-064-HO-470 

new 

95-110°  F 

92-098-HO-591 

new 

95-115°  F 

92-093-HO-392 

new 

95-135°  F 

92-093-HO-388 

new 

95-110°  F 

5-H-12-16-47 

repaired 

95-110°  F 

84-H-10-15-1225 

repaired 

95-110°  F 

4-H-9-28-87 

repaired 

95-110°  F 

3-H-4-26-45 

repaired 

95-110°  F 

4-H-10-15-108 

not  repaired 

95-115°  F 

Hot/Cold 

Spots 


Heater  Film 
Scratch  Test 


Table  4.7  C/KC-135  #1  WAVS  Optical  Performance  Test  Results 
(acc= acceptable,  REJ=reject) 


S/N 

Type 

Luminous 

Transmittance 

Haze 

Deviation 

Distortion, 

center/edge 

86-H-10-06-062 

new 

acc 

acc 

acc 

none/ 1:30 

86-H-10-06-092 

new 

acc 

acc 

acc 

none/none 

86-H-10-06-013 

new 

acc 

acc 

acc 

none/none 

86-H-10-06-048 

new 

acc 

acc 

acc 

none/none 

83-H-l  1-7-432 

repaired 

acc 

acc 

acc 

none/ 1:20 

82-H-10-18-105 

repaired 

acc 

acc 

acc 

none/none 

88-H-02-08-436 

repaired 

acc 

acc 

acc 

none/none 

82-H-12-6-431 

repaired 

acc 

acc 

acc 

none/none 

l-H-10-5-480 

repaired 

acc 

acc 

acc 

none/none 

83-H-9-19-294 

not  repaired 

acc 

acc 

acc 

none/none 

82-H-9-6-537 

repaired 

acc 

acc 

acc 

none/none 

83-H-9-19-459 

repaired 

acc 

acc 

acc 

none/none 

86-H-10-06-007 

new 

acc 

acc 

acc 

none/none 

86-H-10-06-030 

new 

acc 

acc 

acc 

none/none 

86-H-10-06-022 

new 

acc 

acc 

acc 

none/none 

86-H-10-06-096 

new 

acc 

acc 

acc 

none/none 

83-H-9-19-282 

repaired 

acc 

acc 

acc 

none/none 

83-H-8-15-756 

repaired 

acc 

acc 

acc 

none/none 

84-H-3-19-220 

repaired 

acc 

acc 

acc 

none/none 

86-H-12-01-146 

repaired 

acc 

acc 

acc 

none/ 1:30 

82-H-10-18-107 

repaired 

acc 

acc 

acc 

none/ 1:40 

82-H-9-6-235 

repaired 

acc 

acc 

acc 

none/none 

83-H-l  1-21-325 

repaired 

acc 

acc 

acc 

none/none 

89-286-HO-697 

repaired 

acc 

acc 

acc 

none/none 
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Table  4.8  C/KC-135  #4  WAVS  Optical  Perfomiance  Test  Results 
(acc= acceptable,  REJ=reject) 


S/N 

Type 

Luminous 

Transmittance 

Haze 

Deviation 

Distortion, 

center/edge 

B75-1149 

repaired 

acc 

acc 

acc 

none/1: 18 

92-064-HO-471 

new 

acc 

acc 

acc 

none/1: 11 

92-064-HO-473 

new 

acc 

acc 

acc 

none/l:14 

92-059-HO-350 

new 

acc 

acc 

acc 

none/1 :7 

92-025-HO-006 

new 

acc 

acc 

acc 

none/1 :8 

92-119-HO-186 

new 

acc 

acc 

acc 

missing  photo 

85-H-07-01-276 

repaired 

acc 

acc 

acc 

none/l:12 

90-173-HO-721 

repaired 

acc 

acc 

acc 

none/l:10 

5-H-5-23-84 

not  repaired 

acc 

acc 

acc 

none/none 

7-H-2-4-35 

not  repaired 

acc 

acc 

acc 

none/ 1:25 

4-H-10-9-69 

not  repaired 

acc 

acc 

acc 

none/ 1:21 

82-H-12-6-392 

not  repaired 

acc 

acc 

acc 

none/1 :7 

6-H-12-02-36 

not  repaired 

acc 

acc 

acc 

none/none 

87-H-04-20-130 

repaired 

acc 

acc 

acc 

1:16/1:5 

8-H-2-06-585 

repaired 

acc 

acc 

acc 

none/ 1:22 

85-H-07-01-366 

repaired 

acc 

acc 

acc 

none/1: 8 

92-064-HO-470 

new 

acc 

acc 

acc 

none/l:12 

92-098-HO-591 

new 

acc 

acc 

acc 

none/1 :9 

92-093-HO-392 

new 

acc 

acc 

acc 

none/l:10 

92-093-HO-388 

new 

acc 

acc 

acc 

none/1 :9 

5-H-12-16-47 

repaired 

acc 

acc 

acc 

none/none 

84-H-10-15-1225 

repaired 

acc 

acc 

acc 

none/1: 6 

4-H-9-28-87 

repaired 

acc 

acc 

acc 

none/1: 16 

3-H-4-26-45 

repaired 

acc 

acc 

acc 

none/none 

4-H-10-15-108 

not  repaired 

acc 

acc 

acc 

1:16/1:22 
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Table  4.9  C/KC-135  #1  WA¥S  Pressure  Integrity  Test  Results 


S/N 

Type 

Initial  Proof 
Pressure  Test 

Damage  from 
Pressure  Cycling 

Final  Proof 
Pressure  Test 

86-H-10-06-062 

new 

passed 

no  apparent  damage 

passed 

86-H-10-06-092 

new 

passed 

no  apparent  damage 

passed 

86-H-10-06-013 

new 

passed 

no  apparent  damage 

passed 

86-H-10-06-048 

new 

passed 

no  apparent  damage 

passed 

83-H-l  1-7-432 

repaired 

passed 

no  apparent  damage 

passed 

81-H-10-18-105 

repaired 

passed 

no  apparent  damage 

passed 

88-H-02-08-436 

repaired 

passed 

no  apparent  damage 

passed 

82-H-12-6-431 

repaired 

passed 

no  apparent  damage 

passed 

l-H-10-5-480 

repaired 

passed 

no  apparent  damage 

passed 

83-H-9-19-294 

not  repaired 

passed 

no  apparent  damage 

passed 

82-H-9-6-537 

repaired 

passed 

delamination  near 
slip  plane  areas 

passed 

83-H-9-19-459 

repaired 

passed 

delamination  near 
slip  plane  areas 

passed 

Table  4.10  C/KC-135  #4  WAVS  Pressure  Integrity  Test  Results 


S/N 

Type 

Initial  Proof 
Pressure  Test 

Damage  from  Pressure 
Cycling 

Final  Proof 
Pressure  Test 

87-H-04-20-130 

repaired 

passed 

no  apparent  damage 

passed 

8-H-2-06-585 

repaired 

passed 

no  apparent  damage 

passed 

85-H-07-01-366 

repaired 

passed 

no  apparent  damage 

passed 

92-064-HO-470 

new 

passed 

no  apparent  damage 

passed 

92-098-HO-591 

new 

passed 

no  apparent  damage 

passed 

92-093-HO-392 

new 

passed 

no  apparent  damage 

passed 

92-093-HO-388 

new 

passed 

no  apparent  damage 

passed 

5-H-12-16-47 

repaired 

passed 

large  amount  of 
delamination  along  forward 
edge  and  lower  forward 
comer 

passed 

84-H-10-15-1225 

repaired 

passed 

no  apparent  damage 

passed 

4-H-9-28-87 

repaired 

passed 

no  apparent  damage 

passed 

3-H-4-26-45 

repaired 

passed 

delamination  in  lower 
forward  corner  of  less  than 

1  square  inch 

passed 

4-H-10-15-108 

not  repaired 

passed 

no  apparent  damage 

passed 
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Table  4.11  C/KC-135  #1  WAVS  Residual  Strength  Ball  Drop  Test  Results 


WAVSS/N 

Type 

Damage  from 
Pressure  Cycling 

Comments 

86-H-10-06-062 

new 

no  apparent  damage 

Two  ball  drops.  Outboard  glass  ply 
broken.  Crushing  in  impact  area.  No 
delamination  created  by  cracking  of 
the  outer  ply. 

83-H-9-19-459 

repaired 

delamination  near 
slip  plane  areas 

Two  ball  drops.  Outboard  glass  ply 
broken.  Core  ply  intact.  No 
delamination  from  glass  breakage. 

l-H-10-5-480 

repaired 

no  apparent  damage 

Two  ball  drops.  Outboard  glass  ply 
broken.  No  delamination  from  outer 
ply  cracking. 

81-H-10-18-105 

repaired 

no  apparent  damage 

One  ball  drop  only.  Both  glass  plies 
failed.  Large  amount  of  spall  driven 
from  core  ply  inboard  surface. 

82-H-9-6-537 

repaired 

delamination  near 
slip  plane  areas 

One  ball  drop  only.  Both  glass  plies 
failed.  Large  amount  of  spall 
removed  from  core  ply  surface. 
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Table  4.12  C/KC-135  #4  WAVS  Residual  Strength  Ball  Drop  Test  Results 


WAVS  S/N 

Type 

Dam^e  from  Pressure 
Cycling 

Comments 

92-093-HO-388 

new 

no  apparent  damage 

Outboard  glass  ply  broken.  Core 
ply  intact.  No  delamination 
associated  with  glass  breaking. 

87-H-04-20-130 

repaired 

no  apparent  damage 

Outboard  glass  ply  broken.  Core 
ply  intact.  No  delamination 
associated  with  glass  breaking. 

8-H-2-06-585 

repaired 

no  apparent  damage 

Outboard  glass  ply  broken.  Core 
ply  intact.  No  delamination 
associated  with  glass  breaking. 

3-H-4-26-45 

repaired 

delamination  in  lower 
forward  comer  of  less 
than  1  square  inch 

Both  glass  plies  failed.  Large 
area  of  core  ply  inboard  surface 
spalled  in  impact  area. 

5-H-12-16-47 

repaired 

large  amount  of 
delamination  along 
forward  edge  and  lower 
forward  comer 

Both  glass  plies  failed.  Large 
area  of  core  ply  inboard  surface 
spalled  in  impact  area. 
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Table  4.13  C/KC-135  n  W/WS  Bird  Impact  Test  Results 
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Table  4.14  C/KC-135  H  W/WS  Bird  Impact  Test  Results 
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repaired  25U.3  All  glass  plys  tailed.  4-inch  long  interlayer  tear  at  lower 
forward  corner.  Some  glass  spall. 


Table  4,15  C/KC-135  WAVS  General  Inspection  Summary 


#1  WAVS 

#4  W/WS 

Category 

New 

Repaired 

Not 

Repaired 

New 

Repaired 

Not 

Repaired 

Number  Tested 

8 

15 

1 

9 

10 

6 

Number  with  delamination, 
scratches,  or  chips 

0 

13 

1 

0 

9 

6 

Number  with  seal 
deficiencies 

0 

14 

1 

0 

8 

6 

Number  with  vinyl  cracks 

0 

0 

1 

0 

2 

4 

Number  with  bad 
dimensional  check 

0 

0 

0 

0 

0 

0 

Number  with  bad  bus 
resistance 

0 

0 

0 

0 

3 

3 

Number  with  bad  sensor 
resistance 

0 

0 

0 

- 

- 

- 

Number  with  bad  insulation 

0 

9 

1 

0 

0 

0 

Number  with  poor  heater 
performance 

0 

0 

1 

0 

1 

0 

Number  with  bad  optics 

0 

0 

0 

0 

0 

0 
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Table  4.16  C/KC-135  W/WS  Pressure  bitegrity  Test  Siraimaiy 


#1  W/WS 


#4  W/WS 


Categoiy 


Number  Tested 


Number  failing  initial  proof 
pressure  test 


Number  failing  during 
pressure  cycling 


Number  failing  final  proof 
pressure  test 


Number  delaminated 


Not 

Repaired  Repaired 


Not 

Repaired  Repaired 


Table  4.17  C/KC-135  W/WS  Ball  Drop  Residual  Strength  Test  Smranaiy 


#1  W/WS 

#4  W/WS 

Categoiy 

New 

Repaired 

New 

Repaired 

Number  Tested 

1 

4 

1 

4 

Number  with  initial 
delamination 

0 

2 

0 

2 

Number  with  outboard  ply 
failure  only 

1 

2 

1 

2 

Number  with  both  glass 
plys  failed 

0 

2 

0 

2 

Li] 


Table  4.18  C/KC-135  WAVS  Bini  Impact  Test  Summary 


n  w/ws 

#4  W/WS 

Category 

New 

Repaired 

New 

Repaired 

Not 

Repaired 

Number  Tested 

4 

8 

5 

3 

5 

Number  undamaged 

3 

2 

4 

2 

2 

Number  with 
outboard  ply  broken 
only 

1 

2 

1 

1 

1 

Number  with  inboard 
ply  broken  only 

0 

1 

0 

0 

0 

Number  with  all  glass 
plies  failed 

0 

3 

0 

0 

2 

Number  with  no  inner 
ply  glass  spall 

4 

6 

5 

3 

3 

Number  with  minor 
inner  ply  glass  spall 

0 

2 

0 

0 

1 

Number  with  major 
inner  ply  glass  spall 

0 

0 

0 

0 

1 

Number  with  no  bird 
penetration 

4 

8 

5 

3 

4 

Number  with  minor 
bird  penetration 

0 

0 

0 

0 

0 

Number  with  major 
bird  penetration 

0 

0 

0 

0 

1 
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Table  4.19  C/KC-135  #1  WAVS  Mounting  Edge  Measurements  and  Bird  Impact  Test  Results 


S/N 

Type 

Edge  Thickness, 
inches 

Bird  Impact  Comments 

86-H-10-06-007 

new 

0.936 

0.943 

0.942 

Outboard  glass  ply  broken.  Core  ply  intact. 

82-H-10-18-107 

repaired 

0.843 

0.852 

0.838 

All  glass  plies  failed.  Minor  amount  of 
glass  spall  from  inboard  ply  on  spall  sheet. 

83-H-9- 19-282 

repaired 

similar  to 
82-H-lO-l  8-107 

Core  ply  failed.  No  glass  spall  on  spall 
sheet. 

83-H-8-15-756 

repaired 

similar  to 
82-H-10-18-107 

All  glass  plies  failed.  Minor  glass  spall  on 
spall  sheet. 

83-H-l  1-21-325 

repaired 

0.927 

0.936 

0.939 

All  glass  plies  failed.  No  spall  on  spall 
sheet. 

86-H-06-030 

86-H-10-06-22 

86-H-10-06-96 

new 

0.908  min 
0.940  max 

No  damage. 

84-H-3-19-220 

repaired 

Outboard  glass  ply  failed. 

86-H-12-01-146 

82-H-9-6-235 

No  glass  breakage. 

Outboard  glass  ply  failed. 

89-286-HO-697 

No  damage. 

91-010-HO-206 

unrepaired 

0.850  min 
0.909  max 

Not  bird  impact  tested. 

87-H-06-29-758 

0.893  min 
0.920  max 

87-H-09-21-671 

0.886  min 
0.922  max 

90-180-HO-139 

0.839  min 
0.887  max 

82-H-9-20-127 

0.902  min 
0.918  max 
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Table  5.1  Initial  C/KC-135  W/WS  Repair  Estimates 


l^^pe  of  W/WS 

NORDAM^ 

The  Glass  Doctor® 

1 

$1,890 

$2,000 

$1,327'= 

2 

glass  only 

$1,512 

$1,500 

$896 

frame  and  glass 

$6,700 

- 

- 

3 

$735  Category 
$945  Category  n 
$945  Category  HI 
$1,280  Category  IV 

$750 

$516 

4 

$975 

$875 

$667 

5 

$750 

$875 

$484 

Notes: 

a)  Estimate,  actual  price  quote  based  on  specific  repairs  required  as  determined  by  incoming 
inspection. 

b)  Fixed  price. 

c)  Sensor  repair  or  replacement,  $437  additional. 

d)  NORDAM  #3  WAVS  Repair/Overhaul  Categories: 

All  repair  categories  include  complete  disassembly,  inspection,  and  reassembly  with  new 
seal  and  new  grommets. 


Categoiy 

Transparency  Repair 

I 

Polish  inner  and  outer  panes 

II 

Polish  outer  pane,  replace  inner  pane 

III 

Polish  inner  pane,  replace  outer  pane 

IV 

Replace  inner  and  outer  panes 

Table  5.2  C/KC-135  #1  WAVS  Actual  Repair  Costs  (NR=not  repairable) 


S/N 

Repair 

Vendor 

Vendor  Damage 
Comments 

Repair  Cost 

83-H-l  1-7-432 

Perkins 

delaminated 

$2,000 

82-H-10-18-105 

Perkins 

delaminated,  scratched 

$2,000 

88-H-02-08-436 

NORDAM 

scratches 

$1,695 

82-H-12-6-431 

NORDAM 

scratches  and  chips 

$2,090 

l-H-10-5-480 

Perkins 

delaminated,  scratched 

$2,000 

83-H-9- 19-294 

Perkins 

delaminated 

$0,  NR 

82-H-9-6-537 

NORDAM 

scratches 

$1,893 

83-H-9-19-459 

NORDAM 

scratches  and  chips 

$1,893 

83-H-9-19-282 

Perkins 

delaminated 

$2,000 

83-H-8-15-756 

Perkins 

delaminated 

$2,000 

84-H-3-19-220 

Perkins 

delaminated,  scratched 

$2,000 

86-H-12-01-146 

NORDAM 

scratches  and  chips 

$1,695 

82-H-10-18-107 

Perkins 

delaminated 

$2,000 

82-H-9-6-235 

NORDAM 

scratches 

$1,695 

83-H-l  1-21-325 

NORDAM 

scratches  and  chips 

$2,090 

89-286-HO-697 

NORDAM 

scratches 

$2,090 

Table  5.3  C/KC-135  #4  WAVS  Actual  Repair  Costs  (NR=not  repairable) 


S/N 

Repair 

Vendor 

Vendor  Damage 
Comments 

Repair  Cost 

B75-1149 

NORDAM 

scratches 

$559 

85-H-07-01-276 

NORDAM 

scratches 

$954 

90-173-HO-721 

Perkins 

bad  terminal  block 

$875 

5-H-5-23-84 

NORDAM 

delammation,  scratches, 
bad  resistance 

$0,  NR 

7-H-2-4-35 

NORDAM 

scratches,  bad 
resistance 

$0,  NR 

4-H-10-9-69 

Perkins 

contaminated 

$0,  NR 

82-H-12-6-392 

Perkins 

contaminated 

$0,  NR 

6-H-12-02-36 

Perkins 

bad  resistance 

$0,  NR 

87-H-04-20-130 

NORDAM 

scratches 

$954 

8-H-2-06-585 

Perkins 

delamination,  scratches 

$875 

85-H-07-01-366 

NORDAM 

scratches 

$559 

5-H-12-16-47 

NORDAM 

delamination,  scratches 

$1,151 

84-H-10-15-1225 

NORDAM 

delamination,  scratches 

$1,151 

4-H-9-28-87 

NORDAM 

scratches 

$559 

3-H-4-26-45 

NORDAM 

delamination,  scratches, 
and  chips 

$1,349 

4-H-10-15-108 

NORDAM 

delamination,  scratches, 
bad  resistance 

$0,  NR 

Table  5.4  Cost  Quotes  for  All  Prototype  Repair  Candidate  C/KC-135  W/WS 

(NR = not  repairable) 


Type  of  W/WS 
(1-5) 

S/N 

Repair  Vendor 

Cost  of  Repair 

1 

82-H-9-6-537 

NORDAM 

$1,893 

1 

84-H-3-19-220 

Perkins 

$2,000 

1 

l-H-10-5-480 

Perkins 

$2,000 

1 

83-H-9-19-294 

Perkins 

$0,  NR 

1 

83-H-9-19-282 

Perkins 

$2,000 

1 

83-H-8-15-756 

Perkins 

$2,000 

1 

82-H-10-18-107 

Perkins 

$2,000 

1 

83-H-l  1-7-432 

Perkins 

$2,000 

1 

82-H-9-6-235 

NORDAM 

$1,695 

1 

83-H-l  1-21-325 

NORDAM 

$2,090 

1 

86-H-12-01-146 

NORDAM 

$2,090 

1 

88-H-02-08-436 

NORDAM 

$1,695 

1 

6-H-8-4-26 

NORDAM 

$2,683 

1 

89-286-HO-697 

NORDAM 

1 

82-H-10-105 

Perkins 

$2,000 

1 

83-H-9-19-459 

NORDAM 

$1,893 

1 

82-H-12-6-431 

NORDAM 

$2,090 

2 

4-H-9-27-168 

NORDAM 

$1,919 

2 

6-H-1-15-28 

NORDAM 

$1,524 

2 

85-H-06-03-722 

NORDAM 

$1,721 

2 

6-H-2-27-57 

Perkins 

$0,  NR 

2 

6-H-2-20-23 

Perkins 

$0,  NR 

3 

5-H-3-2-730 

NORDAM 

$0,  NR 

3 

6-H-3-18-28 

NORDAM 

$0,  NR 

3 

6-H-4-6-25 

NORDAM 

$0,  NR 

3 

6-H-12-10-30 

NORDAM 

$0,  NR 

3 

B73-2815 

Perkins 

$0,  NR 

3 

B73-3439 

Perkins 

$0,  NR 

Table  5.4  Cost  Quotes  for  All  Prototype  Repair  Candidate  C/KC-135  WAVS  continued 

(NR = not  repairable) 


lype  of  w/ws 
(1-5) 

S/N 

Repair  Vendor 

Cost  of  Repair 

3 

B73-3565 

Perkins 

$0,  NR 

3 

B73-2462 

NORDAM 

$0,  NR 

3 

85-H-01-07-725 

Perkins 

$0,  NR 

3 

O-H-9-1-1140 

NORDAM 

$0,  NR 

3 

B73-2509 

Perkins 

$0,  NR 

3 

5-H-2-16-042 

NORDAM 

$0,  NR 

3 

B73-3955 

Perkins 

$0,  NR 

3 

4-H-10-4-02 

Perkins 

$0,  NR 

3 

4-H-9-18-15 

Perkins 

$0,  NR 

3 

7-H-12-13-67 

NORDAM 

$0,  NR 

4 

4-H-10-15-108 

NORDAM 

$0,  NR 

4 

4-H-10-9-75 

Perkins 

$0,  NR 

4 

4-H-9-28-87 

NORDAM 

$559 

4 

5-H-12-16-47 

NORDAM 

$1,151 

4 

6-H-4-29-50 

Perkins 

$0,  NR 

4 

8-H-2-06-585 

Perkins 

$875 

4 

87-H-04-20-130 

NORDAM 

$954 

4 

7-H-1-25-01 

Perkins 

$0,  NR 

4 

3-H-4-26-45 

NORDAM 

$1,349 

4 

82-H-12-6-392 

Perkins 

$0,  NR 

4 

B75-1149 

NORDAM 

$559 

4 

6-H-12-02-36 

Perkins 

$0,  NR 

4 

85-H-07-01-276 

NORDAM 

$954 

4 

7-H-2-4-35 

NORDAM 

$0,  NR 

4 

90-173-HO-721 

Perkins 

$875 

4 

4-H-10-9-69 

Perkins 

$0,  NR 

4 

4-C-02-12-10 

Perkins 

$0,  NR 

4 

84-H-10-15-1225 

NORDAM 

$1,151 
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Table  5.4  Cost  Quotes  for  All  Prototype  Repair  Candidate  C/KC-135  W/WS  continued 

(NR=not  repairable) 


Type  of  WAVS 
(1-5) 

S/N 

Repair  Vendor 

Cost  of  Repair 

4 

85-H-07-01-366 

NORDAM 

$559 

4 

85-H-09-02-795 

Perkins 

$0,  NR 

4 

5-H-5-23-84 

NORDAM 

$0,  NR 

5 

4-C-5-16-11 

Perkins 

$0,  NR 

5 

4-C-5-28-16 

NORDAM 

$0,  NR 

5 

4-H-8-30-95 

NORDAM 

$486 

5 

5-H-2-5-75 

Perkins 

$0,  NR 

5 

2-H- 12-15-58 

NORDAM 

$0,  NR 

5 

H-30-67 

NORDAM 

$0,  NR 

5 

7-H-10-14-56 

NORDAM 

$1,079 

5 

2-H-6-20-70 

Perkins 

$0,  NR 

5 

2-H-4-24-49 

Perkins 

$0,  NR 

5 

4-C-7-12-22 

NORDAM 

$881 

5 

4-H-8-33-64 

Perkins 

$0,  NR 

5 

5-H- 12-5-05 

NORDAM 

$486 

5 

4-C-6-12-13 

Perkins 

$0,  NR 

5 

2-H-6-29-06 

Perkins 

$0,  NR 

5 

3-H-5-23-79 

NORDAM 

$881 

64 


Table  5.5  C/KC-135  New  WAVS  Costs 


Designation 

NSN 

Part  Number 

#1  Pilot 

1560-01-048-1885  FL 

5-89354-501 

#1  Copilot 

1560-01-048-1786  FL 

5-89354-502 

n  Pilot 

1560-01-009-3320  FL 

5-89355-501 

#2  Copilot 

1560-01-008-7396  FL 

5-89355-502 

#3  Pilot 

1560-00-575-6302  FL 

5-89356-501 

#3  Copilot 

1560-00-575-6297  FL 

5-89356-502 

#4  Pilot 

1560-00-575-6299  FL 

5-71764-501 

#4  Copilot 

1560-00-575-6298  FL 

5-71764-502 

#5  Pilot 

1560-00-575-6300  FL 

5-89358-501 

#5  Copilot 

1560-00-575-6301  FL 

5-89358-502 

USAF  Cost 


$2,582 


$1,445 


$1,479 


$1,372 


$1,078 


Table  5.6  Repair  Cost  Comparison  Data  for  C/KC-135  W/WS 


Type  of  W/WS 


1 


2 


3 


Cost  as  a  Percentage  of  New  Purchase  Pnce 


Actual 
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Based  on  Extremes  of  Estimates,  Acmal  Costs,  and  Quotes  from  NORDAM  and 
Perkins  Aircraft  Services,  assuming  a  20-percent  volume  discount  from  Perkins 


Figure  2,1  C/KC-135  WAVS  Identification 


TYPICAL 
WINDOW  CROSS 
NO.  SECTION 


MATERIAL  THICKNESS 


—  4 


- - GLASS  J50 

— - CONDUCTIVE  COATING 

- VINYL  JOO 

■  - - GLASS  .125 

OUTSIDE 


—  S 


3 


OUTSIDE 

1 

1 

r" 

I 

■  ■] 

1 

_ 

GLASS  .250 
CONDUCTIVE  COATING 
VINYL  JOO 
GLASS  .125 


GLASS  .380 

CONDUCTIVE  COATING 
VINYL  J80 
GLASS  *  .180 


OUTSIDE 


2 


OUTSIDE 


GLASS  .500 


VINYL  J50 

CONDUCTIVE  COATING 
GLASS  .1875 


1 


OUTSIDE 


GLASS  .500 

VINYL  J80 
CONDUCTIVE  COATING 
GLASS  .1875 


Figure  2.2  C/KC-135  WAVS  Construction 


Figure  2.3  W/WS  Construction  Showing  Location  of  Slip  Planes 


Stainless  steel  Z-channel 

Silicone  gasket 

Aluminum  insert 
Aluminum  spacer 

PR1440  sealant 


H.V.  silicone  bumper 


Phenolic  block 


NESA  coated  surface 

Heat  tempered  outer  ply 


Polyvinyl  butyral 


Heat  tempered 
inner  ply 


Figure  2.4  C/KC-135  #1  W/WS  Cross-Section 


Worst  Optical  Distortion  Found  in  Any  C/KC-135  #1  W/WS  (S/N 


76 


Figure  4.4  Worst  Optical  Distortion  Found  in  Any  C/KC-135  #4  W/WS  (S/N  87-H-04-20-130) 


Process  control  and 
data  acquisition  computer 


Figure  4.5  Pressure  Integrity  Testing  Facility 


77 


Figure  4.9  Typical  C/KC-135  tf\  W/WS  Pressure  Integrity  Test  Set  Up 


81 


82 


Figure  4.10  Typical  C/KC-135  #4  W/WS  Pressure  Integrity  Test  Set  Up 


83 


Figure  4.11  Woret  DSunatioii  0ljsei*ved  in  a  C/KC-135  #1  W/VVS  Freni  Pressm-c  Cycling  (Repairerw7^«rs7N82-H-09-06-537) 


84 


Figure  4.12  Worst  DelatiiiiSioii  OteeiTed  in  a  C/KC-135l<'4  W/VVS  Froin  Pressiu^  Cy  S/N  5-H-12-16-47) 


86 


Figure  4.14  w/WS  Residual  Strength  Falling  Ball  Impact  Test  Showing  Test  Set  Up  and  Consequences  of  Two  Ball  Droi)S 

(New  W/WS,  S/N  86-H-10-06-062) 


88 


Drop,  Inboai-d  View  (S/N  82-II-9-6-537) 


Figure  4.18  M  W/WS  Residuiil  Sti-eiigtli  Falling  Ball  Impact  Test  Result  ter  a  Repaired  and  Suteequently  Dd  W/WS,  OutlWiTixI  View 

(S/N  5-H-12-16"47) 


Residual  Strength  Falling  Ball  hnpact  Test 


Figure  4.20  C/KC-135  #1  WAVS  Bird  Impact  Mounting  Frame 


V-l 


lupport  Fi-ame  Used  for  Bircniiipact  Testiii^  for  C7kC-135W/Wl 


mammmmmm 


Figure  4.25  Typica!  Pre-Test  View  of  C/KC-135  #1  W/WS  (Copilot)  Prior  to 

Bird  Impact  Testing 
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Figure  4.26  To  pical  Pre-Test  View  of  C/KC-135  #4  WAVS  (Pilot)  Prior  to  Bird  Impact  Testing 


98 


Figui-e  4.28  Bud  ImpactSpali  Sheet  Viewed  From  Behind  a  C/KC-135  #1  W/W! 


Figure  4.29  C/KC-135  #1  WA^^S  Showing  No  Damage  From  a  4-Pound  Bird  Impact 
at  250.8  Knots  (Repaired  WfWS,  S/N  89-286-HO-697) 


101 


Figure  4.30  C/KC-135  #1  WAVS  SIwwing  Outboard  Ply  Failure  From  a  4-Pound  Bird  Impact  at  251.7 

Knots,  Front  View  (New  WAVS,  S/N  86-H-10-06-007) 


102 


103 


(New  W/WS,  S/N  86-11-10-06-007) 


MidStniati. 


...  'A'/-'-  4il  ♦ 

.^.xlS^;/..  ■  ■'  *  -x.:  J  ;  t*.  v^'^<  .  . .  "‘^'"..."s  ... 


Figure  4.32  C/KC-135  #1  WAVS  Showing  All  Glass  Plies  Failed  From  a  4-Pound  Bird  hnpact  at  249.4 

Knots,  Front  View  (Repaired  WAVS,  S/N  82-H-10-18-107) 


104 


Figure  4.35  C/KC-135  #4  W/WS  Showii^  No  Damage  From  a  4-Pound  Bird  Impact 
at  248.7  Knots  (Not  Repaired  WA¥S,  S/N  4-H-10-9-69) 


I 


Figure  4.36  C/KC-135  #4  WAVS  Showing  Outboard  Ply  Failure  From  a  4-Pound  Bird  Impact  at  247.5 

KiK)ts,  Front  View  (Repaired  W/WS,  S/N  B75-1149) 


108 


Figure  4.38  C/KC-135  #4  W/WS  Showing  a  Catastrophic  All  Glass  Plies  Failure  From  a 
4-Pound  Bird  Impact  at  250.8  Knots,  Front  View  (Not  Repaired  WAVS,  S/N  7-H-2-4-35) 
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Figui'e  4J9  C/KC  135  W  Showiiig  a  Catastix)phic  All  Glass  Plies  Failurc  From  a  4-Poiui(l  Bird  Impact  at  250.8  Knots, 

Rear  View  (Not  Repaired  W/WS,  S/N  7-11-2-4-35) 


Figure  6.1  Heat  Strengthened  Glass  Residual  Stresses 


APPENDIX  A 

REPAIR  VENDOR  AIR  AGENCY  CERTIFICATES 


uMOt  t>  rxi  ATfr*  ot* 

Di^PARTMliN  T  OF  TRANSI^OK  I'A'I  ION 
FEDERAL  AVIATION  ADMINISTRATION 


^iv  %encp  Certificate 


EZ22812K 


£//uS/x>&jc£c^xxt/e/M'^cAicoe^-^ 

NORDAM  TRMJSPARANCIES  DIVISION 

yU^vod^y^ccdoTLeii'Xx^iclateii/^ 

510  S-  LANSING 
TULSA,  OKLAHOMA  74120 

m/voov  /yuz/^  ^  x:o^i/vlce^'  ^ov  xxM/  /i^/iecli' 

/A^'  X)^ S^^vuz^cow  ^^^^xi/a/cooti- 

/}ceAUi^/  Z/ve-  x^sAcMci/t'fTvenZ  x>^  /xm'  S^ovoy/.  xvnxA  xi^ 

X2^ri^lOCa^X^ /o' X)ft^X(a/^' XZM' xx^i/i/^^  REPAIR  STATION 

LIMITED  -  SPECIALIZED  SERVICE 


^/ui'  x>&?Zi^SxxzZe',  xx/nZe66f  xxx/TtxxAecO,  AuiA^xixAed/,  xx^'/y^e^voAecO, 
^Axil6  xx>xvCcxtxc&  Ztv indefinitely 


^tm^oCcemx  ^  /A^  S^cCmZrtZiCttaXd't^^ 


kAROT.n  D.  WRIGHT - 

ACTING  MANAGER,  SW-FSDO-15 
yw«  Cotitotr  Is  nor  'Crensfoalife,  «*i  t«f  nuiM*  cmm«£  m  toe  msic  naunEs.  or  ik  toe  ucnioR  toedeof, 

SHAU  *£  IKKEDUTCIT  RErORIEa  TO  TOE  FTTROMMATE  RECIOMl  OWCE  OFTOE  RDERAL  MIAIHW  RMHMSTBATIOR 

,<ny  <./ o.rt.7Joo*<  £5  po«J«.&k  6y  . /!«  o/ no<  <1^.  or  imprisonoucm  «o. 


ZauccxA  .- 

F^brn?^ry  21^ — 1S5.0 


TAA  r«mi  aOOO-<  <1-C7)  SUf>€RSCOCS  TAA  FORM  3S0. 


A-1 


UNITED  STATES  OF  AMEfUCA 

department  of  transportation 

FEDERAL  AVIATION  ADMINISTRATION 


Htpair  Station  ©perations  ^pECificatians 


£Z22ol2:< 


/ifru^ec^  ^ 


LXZ'CXTSD  RAT-i.ivor 
Sp<iciaii2ed  Service 


"'v.arsparency  inspection  and  repair  in 
accordance  with  Aircarrier^  Engineering 
Orders,  O.E.M  Eanuais,  and  MR  OIOa  301. 


No; 


.e 


■Tulv  3,  1990  ^ 


— S:  — , 

roy'g.  wieden _ _ _ 

principal  maintenance  inspector 


PAA  F^m  8000—4-1  11-731 


•  too.  T  AT.  f. 


ASW-rSDO-.l.') 


A-2 


UNITED  STATES  OF  AMERICA 


DEPARTMENT  OF  TRANSPORTATION 
FEDERAL  AVIATION  ADMINISTRATION 


^iv  ^gencj)  Certificate 


'e^  JKQR257L 


^hCi>xxoyc^ccU&^'^ccec{/,to' 

PERKINS  AIRCRAFT  SERVICES,  INC. 

x^f^Aoie/AcMon^ii'yoddwii'^ 

5001  NORTH  FREEWAY,  SUITE  B 
FORT  WORTH,  TEXAS  76106 

At^voov  ^'ndcng/  //va,//  /xeiftech' 

/jf-y/i/  //ic  /xe<^ycu/ye'}7ze')%{i'  X/ief  ^ecteo(a.l'  S^'iHa.yon/  ^^^xolccyoni- 
/yelaion,^'  .to‘  y£/te'  ^ia6/c^A'me9t^’  xx/n,'  xx/nd'  xA' 

.exTi^ixM^e-yed/ /x>' xi^oxzde  XXM' .a^^i/yc'ux}c0  Repair  Station; 

xx^U/t.'  /i/v& /)xz(mz^': 

LIMITED  SPECIALIZED  SERVICE  (10-08-93) 


^/uA'  xxAdx^xxzCe',  xx/n^iA-  xyxm^celecO,  A(xA^ie7icled,',  x^i^ /tcew^ed-, 
A/ixzd  xxm/inxxe' xn/ indefinitely. 


^i)a£e'  Jiuoocir  / 

May  2,  1991 


SSy  4{£m«cUofV  /A^  S^^'rri*’rtxs£M£o^ 

Kenneth  D.  Robinson 


iauy?aaKiii«] 


This  Cati&atc  is  not  Tnnsfcrabic,  and  art  maiok  otAfia  in  tnc  usic  FttiurtEs,  or  in  nc  location  tkcneof, 

SHALL  K  IMMCOMTILY  RCFOnTD  TO  1>IE  Af rROfRIATC  RCCIOKAL  OFTICC  OF  THE  FEOOUL  AVIATION  AOMmiSTNATION 


I 


UNITED  STATES  OF  AMERICA 

DEPARTMENT  OF  TRANSPORTATION 
FEDERAL  AVIATION  ADMINISTRATION 


'Repair  Station  0peradons  Specifications 


^£L/rrv££a/c(>9u 


A-  S^**r^oy/^r£4yiraJ£‘..A^-rwtA«^  JKQR257L  j  Mi9rUii^x£f  /o' 

LIMITED  RATINGS: 


SPECIALIZED  SERVICE 


Repair  of  aircraft  windows, 
transparent  enclosures,  structural 
and  non-structural  composite  panels, 
cores,  flaps,  ailerons  and  radomes. 


Above  repairs  will  be  performed  in 
accordance  witb  aircraft  manufacturer  s 
repair  procedures,  air  carrier  approved 
instructions  and  Perkins  Aircraft 
Services,  Inc.,  Process  Specification 
PPSOOOl,  Revision  A,  dated  09-15-93, 
as  revised. 


NONE 


A-4 


I 


UNITED  STATES  OF  AMERICA 

DEPARTMENT  OF  TRANSPORTATION 
FEDERAL  AVIATION  ADMINISTRATION 


^gentj)  Certificate 

.y'\u/>nAe')('  OX4R430M 


.ce-yli^cate' ^iced/  £o' 

THE  GLASS  DOCTCR 

.tr-Aoie'  .Auitneii' 

2390  26th  AVENUE  NORTH 

St.  Petersburg,  Florida  33713 

,u/imv  findiwj,'  /Aad  A/i'  ccyn/die^  An-  mAA  .o^/iecA- 

.wcAAi' /Ae-  -'>‘e<j^-ccc'y€'>yie'nAs' .c^ .A/l&  d'^cAev^iA-  Sdlnicttio-n/  ■.y^^tcAcLAio-nS 
/y^Aati-n^-  Ao-  AAc  .eiAaAAisA-menA  .c^  <in  S^i-y  AAf^.enc^',  and-  Ai- 
^yn^ocac-y^d'  Ac-  ioAi'6'y<f'Ae'  iCt-n/  .<z^^'yc‘V'€d  repair  station 

mUAh-  A/ie-  ,^AAouAna' ‘-yaAinai- : 

LIMITED  -  SPECIALIZm  SERVICE 


.^AAd  .ceyAi^tcaAe,  .u/nAeiS  .cctnceAed;  Acafiended^  .o-y /ye-vioAed-, 
sAiclAA .c<y7iAcnu&  .in-  ,e^i^ecA  indefinitely 


jiiiLoeJf 


September  27,  1979 
Replacement  May  1,  1990 


William  J.  Truebe,  Manager 


North  Florida  FSDO-15 

r\cyj.av-,cuid4u  kKijr  ■*.! 

This  CfTtificatt  is  not  TransfttJbIt,  sw  ■/uo«  ountc  w  mt  msic  rsciinits.  o*  iimff  uxatioii  theieof. 

SH*U.  ae  mUEDIATILT  HErOUTCII  TO  THE  »FFK)P*I»TI  HESIOHM,  OFTICI  OF  THE  FIDEMl  AVIATION  AOMINISTNATION 


Any  alleratio^  of  this  csrlifuMe  U  putxishahU  by  a  fim  o/  m,«  exceeding  11.000.  or  imprisonmsnl  not  oxcoeding  3  years,  or  both 


FAA  Form  8000-t  (1-67)  SUPERSEDES  FAA  FORM  390. 


A-5 


I 


UNITED  STATES  OF  AMERICA 

DEPARTMENT  OF  TRANSPORTATION 
FEDERAL  AVIATION  ADMINISTRATION 


Repair  Station  ©ptrations  ^ptnfications 


^^<yn/i>niui/uyn/ J 


-S'  J  ^ 

LIMITED  RATINGS: 


/  .^i/p-  OX4R430M 


^  j  /o' 


SPECIALIZED  SERVICE  -  Refurbish  and  repair  aircraft  plastic  and 

glass  windows,  windshields,  canopies, 
navigation  light  lenses,  and  other 
miscellaneous  small  transparencies, including 
nicks,  chips,  delamination,  electrical  busses 
and  temperature  sensor  installation. 

All  inspections  and  rework  will  be 
accomplished  in  accordance  with  the  following 
data  as  applicable  to  the  unit  being  worked. 

Aircraft  Manufacturer’s  Maintenance  Manuals/ 
Instruction. 

FAA  Approved  process  Specification,  #1979 
Cabin* and  Cockpit  Windows  dated  12-31-84 
(as  amended). 

Air  Carrier's  Approved  Specifications. 

FAA  Advisory  Circular  43.13-lA,  Acceptable 
Methods,  Techniques,  and  Practices, 

Chapter  9.  windshields.  Enclosures  and  Exits. 


Qe^e^aie<i'  ,au/JiovifteA> :  NONE 


May  1/  1990 


FAA  Form  8000.^4-1  (t.7S> 


Slilc£7rum*»£'PcUoP'  : 


Principal  Maintenance  Inspector 

FORMERCY  FAA  FORM  3«0,1  PAOE  2 

Page  1  of  1 
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KC-135  Transparency  Review  Data  Sheet 

Pilot/Co-Pllot  #4  Window 


Customer  Part  Number: 

7/7by  - 

io/ 

Unit  Serial  Number: 

o4>V-  //o 

...i/ZO 

Acc/Rej 

Date 

InsTsector 

Bus  to  Bus  Resistance: 

Ohms 

Thermal  Image: 

SESd-d;^- 

Insulation  Test:  Power  to  Metal:  /O'^^ 

m  26^993 

2Z  PPg  7r 

(2500  VAC) 

Nesa  Scratch  Test  (8i  VAC) : 

AM- 

MAY2S 19® 

22  PPs  'n 

Light  Transmittance: 

MAY  26  1993 

22  pPG  77 

Haze: 

//3  . 

MAY  2  6  1993 

22  PPG  77 

Photo  (Single  Exposure) : 

2  6  MAY  1993 

22PFS47 

MAY  26  1993 

22  PPG  7? 

Deviation  Inspection: 

(German  Light  per  Template) 

1:  3  2:  ^  3:  ? 

4:  ^ 

Dimensional  Inspection: 

- 

Unit  Thickness: 

_ 

_ 2ZE.Pr.^ 

(Per  Template) 

2:. ^^7  2-.  tie’ll/! 

Check  for  Vinyl  Cracks: 

3UN  02  1993 

22  pPG  77 

Seal  Evaluation: 

JUN  02  IS99 

22  PPG 

(Comments) 


visual  Inspection: 
(Place  comments  on 


attached  sheet) 


JUM  021^93 


22  pPg  n 


B-82 


I 


visual  Inspection  Map  &  Comments 


Customer  Part  Number: 


Dimensional  Inspection: 

Unit  Thickness: 

(Per  Template) 


\,ML  4: 


Check  for  Vinyl  Cracks: 
Seal  Evaluation: 
(Comments) 


22£P.G28 


JUN  0  2  1993  ^2  pPs  77 


JUN  02  1993 


22  PP8  n- 


visual  Inspection: 

(Place  comments  on  attached  sheet) 


JUN  02  1393 


B-84 


Customer  Part  Number: 


B-86 


visual  Inspection  Map  &  Comments 


V 


KC-135  Transoarencv  Review 

Data  Sheet 

Pllot/Co- 

Pilot  #4  Window 

Customer  Part  Number: 

-  / 

Unit  Serial  Number;  ^.-2 

-  O  ?  J  -  //0_ 

Acc/Rej 

Date 

Insoector 

Bus  to  Bus  Resistance: 

2?  £6222 

73 1  /  Ohms 

Thermal  Image: 

22bPG28 

Insulation  Test:  Power  to  Metal: 

may  26  1993 

22  PP<> 

(2500  VAC) 

Nesa  Scratch  Test  (81  VAC): 

6^ 

may  26  1993 

32  pPG  77 

Light  Transmittance: 

may  26  1993 

22  pPG  // 

Haze: 

.M— 

MAY  2  -  :9r? 

22  pPg  77 

Photo  (Single  Exposure) : 

2  i  WW  1993 

,  22PP'3^? - 

Deviation  Inspection: 

MAY  26  1993 

22  ppe  7> 

(German  Light  per  Template) 

■L-.  5  2-.  5  3:  -5" 

Dimensional  Inspection: 

Unit  Thickness: 

^,EPG2S 

(Per  Template)  , 

2-.  .L^6 

Check  for  Vinyl  Cracks: 

JUN  02  1993 

gg  PPS  77 _ 

Seal  Evaluation: 

JUN  021^ 

(Comments) 


visual  Inspection; 

(Place  comments  on  attached  sheet) 


JUN  02  1993 


B-88 


visual  Inspection  Map  &  Comments 


5 


KC-135  Trananarencv  Review  Data  Sheet 
Pilot/Co-Pllot  #4  Window 

Customer  Part  Number:  S~  'I  J  1  ~  ^  CJy~  ^ 

Unit  Serial  Number: 


Acc/Rej  Date 


Bus  to  Bus  Resistance: 


Inspector 

Mum 


sOhO  Ohms 


Thermal  Image: 


(2500  VAC) 

Nesa  Scratch  Test  (81  VAC) : 
Light  Transmittance: 

Haze: 

Photo  (Single  Exposure) : 


Deviation  Inspection: 

(German  Light  per  Template) 

3:  4:_^ 


Dimensional  Inspection: 


SZUdZZ 

/kiL 

MAY  2  G  1393 

22PPG43 

OK 

MAY  2  6  1393 

22PFG43 

9\.X 

may  2  S  IZ'tl 

22PPG43 

y:lY  2  G 

22PPG43 

^PPaS 

JUN  0  »  993 

ftPPG  39 

Unit  Thickness: 
(Per  Template) 

1:  Mk 


C-z(.-93 

■^P-PSPK 

JUN  0  3  1993 

8  pPg  /7 

JUN  03  1993 

22  pp«  m 

Check  for  vinyl  Cracks: 

Seal  Evaluation: 

( Comment  s )  _ ^ 


visual  Inspection: 

(Place  comments  on  attached  sheet) 


JUN  0  3  1993  ^  77 


B-90 


I 


KC-135  Tremsparencv  Review  Data  Sheet 

Pllot/Co-Pllot  #4  Window 

Customer  Part  Number: 

unit  Serial  Number:  iS—  /SL^  S 


Bus  to  Bus  Resistance: 


Thermal  Image: 


'77'3  Ohms 


Acc/Rej  Date  Inspector 

if/  _  S-11,-93 


22£PG  2P 


(2500  VAC) 

Nesa  Scratch  Test  (81  VAC) : 
Light  Transmittance: 

Haze: 

Photo  (Single  Exposure) : 

Deviation  Inspection: 

(German  Light  per  Template) 
1:  2:  3  3:  3 

Dimensional  Inspection: 


Unit  Thickness :  %6 

(Per  Template) 

1 : .  7/)  1,  2  :  ^  7d>f-  3:>  4:  ,  70D 


Check  for  vinyl  Cracks: 
Seal  Evaluation: 

( Comment  s ) 


MAY  2B  1993 

22  pPG  77 

MAY  26  1993 

22  PPG  ^ 

ro.’/ 

MAYee 

22  PPG  77 

1  .C  ”  *C  »  'j 

22  PPG  7? 

2  6  1^^^ 

22PPG47 

MAY  26^95^ 

22  pPG  77 

s 

JUN  02  1993 
JUN  02  1993 


22  pP6  rt 

22  PPS  77 


Sro-C  O'yj  OWffi<J  r'tJf  //^g-. 

f  sira-r^ 


Visual  Inspection: 

(Place  comments  on  attached  sheet) 


JUN  02  1393  22iP?)§7? 


B-92 


Template 


1 


KC-135  Transparency  Review  Data  Sheet 
Pllot/Co-Pllot  *4  window 


Customer  Part  Number: 
Unit  Serial  Number: 


S'-  snn^i-i3  0i^-f- 


Bus  to  Bus  Resistance: 

Ohms 

Thermal  Image: 

Insulation  Test:  Power  to  Metal: 

(2500  VAC) 

Nesa  Scratch  Test  (81  VAC) : 

Light  Transmittance: 

Haze: 

Photo  (Single  Exposure) : 

Deviation  Inspection: 

(German  Light  per  Template) 

1:  ^  3-  2:_^J_  3:_£i_  4 


Acc/Rej 

Date 

Inspector 

22  PPG  28 

22pP!'.2o  - 

fiCL 

may  2  6  1993 

22PPG43 

- jU - 

OMl 

may  2  6  1993 

22PPG43 

<^7.  1 

MAY  2  S  15§3 

22PPG43 

/,  0 

MAY  £  ‘1  VAii 

rp?G;C 

22  PPS  47 

JUN  ft  9  1S93 

it  .','G  oa 

SzJ. 


Dimensional  Inspection: 

Unit  Thickness: 

(Per  Template) 

1:  ,^74  2 -..Ut  3:V^r/ 

Check  for  Vinyl  Cracks: 

Seal  Evaluation: 

(Comments)  _ 


gEP.G28 

JUN  0  3  1933 

11  gjd  32 

JUN  03  1993 

ll  9d'»  ^ 

visual  Inspection: 

(Place  comments  on  attached  sheet) 


JUN  0^1333 


B-94 


visual  Inspection  Map  &  Comments 


KC-135  Transparency  Review  Data  Sheet 

Pllot/Co-P±lot  #4  Window 

Customer  Part  Number:  s-sns'j-  / 

Unit  Serial  Number:  _5—  H~  'j  ~  V<>? 


Acc/Rej  Date  Inspector 


Bus  to  Bus  Resistance: 


Thermal  Image: 


^y,  Z>Otm.s 


Insulation  Test:  Power  to  Metal: 

(2500  VAC) 

Nesa  Scratch  Test  (8i  VAC) : 

Light  Transmittance: 

Haze: 

Photo  (Single  Exposure) : 


Deviation  Inspection: 

(German  Light  per  Template) 

l:_^  2:^3  3:^3 


Dimensional  Inspection: 


Unit  Thickness: 
(Per  Template) 

2:. ^-79 


f-2Ml 

SlZi'Jp 

ki.. 

1  j  ril 

22PPG43 

Ot/^ 

MAY  2  G  1993 

22PPG4a 

f),  I 

MAY  2  G  '393 

22PPG43. 

M 

r  •  ’'u-! 

22  PPG  47, 

^'^93 

_ _  V.  J.. 

4:  2_, 


Check  for  Vinyl  Cracks: 
Seal  Evaluation: 
(Comments) 


Sppgpj? 

4 :  / 4 ^3.. 

JUN  0  3^393^ 

-  ztPHTf 

9&S 

JUN  0  3  1993 

'a  pPs  rp 

A)o  5-e^  jOuJ  (hr9-cl 


visual  Inspection: 

(Place  comments  on  attached  sheet) 


JUN  0  3 1993 


B-96 


visual  Inspection  Map  &  Comments 


rw 


- .  .  .  i  — 


^g-R.  /n 


3^  hJ-i'i.-t—e 


I 


KC-135  Tranaparenev  Review  Data  Sheet 
Pllot/Co-Pllot  #4  Window 

Customer  Part  Number:  5-  /3  cA.f 

Unit  Serial  Nvunber:  V-//-/>o-  /r_  /o.? 


Acc/Rej  Date 


Bus  to  Bus  Resistance: 


Inspector 


Thermal  Image: 

Insulation  Test; 
(2500  VAC) 


/^7.  7  Ohms 


Power  to  Metal: 


Nesa  Scratch  Test  (81  VAC) ; 
Light  Transmittance: 

Haze: 

^  Photo  (Single  Exposure) : 

Deviation  Inspection: 

(German  Light  per  Template) 

1:  3  2;  2)  3:>=C  O 

Dimensional  Inspection: 

Unit  Thickness: 

(Per  Template) 

1:  ,/;7f  2: 


4: 


Check  for  vinyl  Cracks: 
Seal  Evaluation: 


3  -2/-f  J 

dr/., 

may  2  6  1993 

22PPG43 

oK 

may  2  6  1993 

22PPG43! 

g/,Q' 

MAY  2  S  1S83 

22PPG«! 

AV 

f>  <;  ICiy 

:2?F'GiV 

22p!‘Gfl 

AUMI  a  1993 

^’‘Pcs 

4  3 

JUU14  1993 

/cc^.y 

l^iPG28 

riLs 

JUH  0  3  1993 

22  pPS  77 

JUN  03  1993 

?2  PN  77 

(Comments) 


Visual  Inspection:  ^ 

(Place  comments  on  attached  sheet) 


B-98 


APPENDIX  C 

BIRD  IMPACT  DATA  SHEETS 


PPG  Industries-Bird  Impact  Data  Sheet 
KC-13S  Test  Program 
for 

Battel 1e 


Sample  I  .D.  S  -  ~  SoZ  S/H  H->C> -e>(o-OC>7  Date  CbITZI^I 

Bus  to  Bus  5  Delamination  chk.  OK _ 


Requirements : 

High  Speed  Film  (3  cameras)  N£S  Spall  Shield  Installed  VSS 


Test  Conditions 

Requested 

Actual 

Temperature  I.B. 

U.T. 

7o‘P 

Temperature  O.B. 

V.-T. 

7o*f: 

Bird  Wt.  (lbs) 

A.o 

Pf.O'LO 

Bird  Speed  (kts) 

*1^0.  o 

ISM 

Ambient  *F 


lo‘F 


Impact  Loc.  ■ 
I nstal lation 
Angle 
Sweep  Back 
Angle 


CgHTglL. 

4S" 

- 


U..U. _ 

shot  No.  :  'ISS  Test  Date:.  Tested  By:  //€Vx. 


Test  Results: 

OoTBoAA-0  13c-y  ^toluEsI  .  P(.-f  IH  rfi«.T.  S/»a^c4. 

Op  imPac.t<s/)  osirr/cErr  pc./\re:.  “B/ko  sursA-co 

0?i£'A.  COfiiis  ©P  ‘=*Af  II^P^T.  Com  PAeiS/OA»  OF 

o-Ma»<s.j  Pao3 A-AtS  ^tAorer. 


PPG  Witness: 


Date: 


C-1 


PPG  I ndustries-Bird  Impact  Data  Sheet 
KC-135  Test  Program 
for 

Battel ]e 


Sample  1,0,5-  s/N  *8^H-l*>-OU-3tt  Date 

Bus  to  Bus  34.  e  Delamination  chk.  Qfe- _ 


Requirements : 

High  Speed  Film  (3  cameras)  NCS  Spall  Shield  Installed  S 


Test  Conditions 

Requested 

Actual 

Temperature  I.B. 

a.T- 

Temperature  O.B. 

C..r. 

Bird  Wt.  (lbs) 

4-0 

4-010 

Bird  Speed  (kts) 

iSc^o 

751-1 

Neruri  i 

Shot  No.  :  7€  4 

Test  Date:_ 

Ambient  *F 


jrzZE 


Impact  Loc.  ■ 
I nstal lation 
Angle 
Sweep  Back 
Angle 


CiSh/rgit- 

45" 

3o* 


Tested  By: 


Test  Results: 

NIo  ;)A-AAjS-<i€:.  oF  BitP  GHVEPJLP 

ToV  eoue".  '^Atv^s:  Sthr^  7^3. 


PPG  Witness: 


Date :  (>127197 


C-2 


1 


PPG  Industries-Bird  Impact  Data  Sheet 
KC-135  Test  Program 
for 

Battel 1e 


Sample  1.0.5-^^354-507-  s/W  ZX  Date  UZShj 

Bus  to  Bus  ^3 -Co _  Oelamination  chk.  _ 


Requirements: 

High  Speed  Film  (3  cameras)  Spall  Shield  Installed 


Test  Conditions 

Requested 

Actual 

Temperature  I.B. 

■tt.T* 

1Z""F 

Temperature  O.B. 

l.T- 

lt*F- 

Bird  Wt.  (lbs) 

4.0 

4.010 

Bird  Speed  (kts) 

7?o.o 

251.  ft 

Ambient  *F 


iz"f 


Impact  Loc.  ■ 
I nstal lation 
Angle 

Sweep  Back 
Angle 


egKrg«- 

4S* 


Hg.^  **^1  C^S  R.H. _ 

Shot  No.  :  *7^5  Test  Date:.  4.1X3  i93  Tested  By: 

Test  Results: 

1^0  .  i4o  "hi no  JL^siD^e  oornvgs?  PlATE’. 


PPG  Witness: 


Date: 


C-3 


PPG  Industries-Bird  Impact  Data  Sheet 
KC-13S  Test  Program 
for 

Battel 1e 


Samp  1 e  I . D .  2  S/N  Date  Ul<ih3 

Bus  to  Bus  33>  S _  Delamination  chk.  OL. _ 


Requirements: 

High  Speed  Film  (3  cameras)  W Spall  Shield  Installed 


Test  Conditions 

Requested 

Actual 

Temperature  I.B. 

9,.T- 

73 

Temperature  O.B. 

13  y 

Bird  Wt.  (lbs) 

4-.0 

4.0(0 

Bird  Speed  (kts) 

ISo 

Ambient  *F 


Impact  Loc. 
Installation  A,C^ 

Angle  - — - 

Sweep  Back  30“ 

Angle  - 


Shot  No.  :  *75%^  Test  Date:  Tested  By: 


Test  Results: 

Mo  ^lo  T2>1(IP  R-esiOoe-  oh  L^irnasi  Puft-ru  . 


PPG  Witness: 


Date: 


C-4 


PPG  Industries-Bird  Impact  Data  Sheet 
KC-135  Test  Program 
for 

Battel 1e 


sample  l.D.  S/N  2.61.  DateJZil5l33 

Bus  to  Bus  4t.'7 _  Del  amination  chk.  _ 


Requirements; 

High  Speed  Film  (3  cameras)  "j  f£S  Spall  Shield  Installed  'iCS 


Test  Conditions 

Requested 

Actual 

Temperature  I.B. 

%T. 

e«£NTe(L 

Temperature  O.B. 

7zV 

1 nstal lation 

45 

Bird  Wt.  (lbs) 

4.0 

4.COI 

Sweep  Back 

30° 

Bird  Speed  (kts) 

^4^.C» 

9^£Pft\agO  *'1  uls  L.H- 


Shot  No.  :  Test  Date:  Tested  By:  ^£*<5- 

Test  Results: 

CofljE  Pi.'f  F4n-eo .  O'*-*  uMTvoffrj 


PPG  Witness 


Date:  ~)i  t^l^3 


C-5 


PPG  I ndustries-Bird  Impact  Data  Sheet 
KC-135  Test  Program 
for 

Battel 1e 


Sample  I  .0.  S-&S354-5o/ 
Bus  to  Bus  4<>.o 


s/NS3-tf-S-K-75gp  Date7/(?f9J 


Delamination  chk. 


Requirements : 

High  Speed  Film  (3  cameras)  Spall  Shield  Installed  7 d 


Test  Conditions 

Requested 

Actual 

Temperature  1 

d-T- 

Temperature  O.B. 

(l.r- 

Bird  Wt.  (lbs) 

4o 

4><3oS 

Bird  Speed  (kts) 

'L4‘^.4 

PnfPAijLe-0  1  kAs 

Ambient  *F 


-73°r 


Impact  Loc.  — 
Installation  4.5® 

Angle  - 

Sweep  Back 

Angle  - - - 


Shot  No.  :  7S.S  Test  Date:  Tested  By: 


Test  Results: 

Au..  fue:/  rA/c(sro.  sp*^c<-  0,0  u^tTnerrs  FlAtts.  • 

hio  p£h>e 


PPG  Witness: 


Date: 


C-6 


PPG  I ndustries-Bird  Impact  Data  Sheet 
KC-135  Test  Program 
for 

Battel 1e 


Sample  I  .D.  5-  "S^l  S/N  S-T2.«»  Date  7/'2o/9^ 

Bus  to  Bus  '44'«  5 _  Oelamination  chk.  _ 


Requirements: 

High  Speed  Film  (3  cameras)  Spall  Shield  Installed 


Test  Conditions 

Requested 

Actual 

73  V 

Temperature  I.B. 

(L.T 

13V 

Imoact  Loc  C.tfKTTSA- 

Temperature  O.B. 

P-T. 

73  V 

Installation  AC® 

Bird  Wt.  (lbs) 

4.0 

4-.000 

Sweep  Back  3o** 

Bird  Speed  (kts) 

PefArtCeO  uii 

L.H-. 

Shot  No .  :  7^^ 

Test  Date:_ 

Tested  Bv:  ^ 

Test  Results: 

OurS-rHLo  pt-'y  F^icffD.  fc-/  wT/vcr. 


PPG  Witness: 


Date :  7/2e/9J 


C-7 


PPG  I ndustries-Bird  Impact  Data  Sheet 
KC-135  Test  Program 
for 

Battel 1e 


Sample  I  . D . 5 ~ 35^“  So/  S/N  Stp~  \^~]ZL  ~Ol  ~/^4>  Date  7/70/97 

Bus  to  Bus  ^5 _  De lamination  chk.  ck. _ 


Requ i r ements ; 

High  Speed  Film  (3  cameras)  S(£S  Spall  Shield  Installed  V€/ 


Test  Conditions 

Requested 

Actual 

Temperature  I.B. 

«..T- 

75  “F 

Temperature  O.B. 

t-T. 

Bird  Wt.  (lbs) 

4.0IO 

Bird  Speed  (kts) 

7Sc» 

Ambient  *F 


ao*r&iu  7g*^ 


Impact  Loc.  ■ 
I nstal lation 
Angle 
Sweep  Back 
Angle 


uj?  L»H-- _ _ 

Shot  No.  7?5  Test  Date:  7/20/9J 

Tested  By:  l-f€Gr 

Test  Results: 

f4o  &<LeA)c.*VG<s.  Ao-  PuCJ  iNrA-cr.  'Bcntr  ^ 


RerAii^eR-  Ti)A-o<-y. 


PPG  Witness: 


Date:  7 


C-8 


PPG  Industries-Bird  Impact  Data  Sheet 
KC-135  Test  Program 
for 

Battel  1 e 


sample  l  n  .  g-ftq  3^4 >  5o(  s/N  fel-W- IC-lft- tCT?  Date 

Bus  to  Bus  ^1  •’i _  Delamination  chk.  Olc _ 


Requirements: 

High  Speed  Film  (3  cameras)  Spall  Shield  Installed 


Test  Conditions 

Requested 

Actual 

Temperature  I.B. 

Temperature  O.B. 

VLt. 

Bird  Wt.  (lbs) 

4.0 

4.c»|o 

Bird  Speed  (kts) 

Ambient  *F 


75  > 


Impact  Loc.  ■ 
1 nstal lation 
Angle 
Sweep  Back 
Angle 


(lgKT£B- 

3a* 


Uepfriiufo  ^1  L  M. _ 

Shot  No ■  :  7^(^  Test  Date;  Tested  By:  I'^GSr 

Test  Results: 

/\u_  Po.g"f  FfVtOC'O.  K»HoR  5PA«^. 


PPG  Witness: 


Date: 


C-9 


PPG  I ndustn'es-Bird  Impact  Data  Sheet 
KC-135  Test  Program 
for 

Battel le 


sample  I -D.  S/NjS3::^il^^kl235  Date 

Bus  to  Bus  _  Delamination  chk.  _ 


Requirements: 

High  Speed  Film  (3  cameras)  Spall  Shield  Installed 


Test  Conditions 

Requested 

Actual 

Temperature  I.B. 

Temperature  O.B. 

IkT. 

Bird  Wt.  (lbs) 

4.0 

4.00$ 

Bird  Speed  (kts) 

•2.  So 

xs\.o 

R€9M(U£0  uiS 

L.H. 

Ambient  *F 


Ic^^F 


Impact  Loc.  ■ 
I nstal 1  at ion 
Angle 
Sweep  Back 
Angle 


CCHTCH- 


Shot  Wo.  :  Test  Date:  “llzil  Tested  By; 


Test  Results: 

pt:/  fivtiT  Pt-V  /A/r/VCr 


PPG  witness: 


Date: 


C-IO 


I 


PPG  I ndustries-Bird  Impact  Data  Sheet 
KC-135  Test  Program 
for 

Battel  la 


Sample  I .D.  ?-S^3S4--  Sot  S/M  3^5*  Date 

Bus  to  Bus  4S.~7  Dalamination  chk.  OK- _ 


Requirements: 

High  Speed  Film  (3  cameras)  4£5_  Spall  Shield  Installed 


Test  Conditions 

Requested 

Actual 

Temperature  I.B. 

(LX- 

Temperature  O.B. 

Qjr- 

lti*F 

Bird  Wt.  (lbs) 

4.C‘ 

A.ockS 

Bird  Speed  (kts) 

2^*^ _ 

7.4-7- S 

Ambient  *F 


2^ 


Impact  Loc.  - 
I nstal lation 
Angle 
Sweep  Back 
Angle 


rja^TCff- 

4S^ 


^p»>i.co  ^  I  MS  L-H. _ 

Shot  No .  :  Test  Date:  ll-Zilqr  Tested  By:  t46'G- 


Test  Results: 

PciCf  <L»A^  pc-y  Bur-  /VoAjtf'  Oaj 

PcAT-e- 


PPG  Witness: 


Date:  il-uhi 


C-ll 


PPG  I ndustries-Bird  Impact  Data  Sheet 
KC-135  Test  Program 
for 

Battel 1e 


Sample  I .D.  5-€ff354-5a^ 
Bus  to  Bus  _ 


S/M  Date2ls/3J 


De lamination  chk. 


Requirements : 

High  Speed  Film  (3  cameras)  Spall  Shield  Installed 


Test  Conditions 

Requested 

Actual 

Temperature  I.B. 

Impact  Loc 

Temperature  O.B. 

ILt. 

Installation  45* 

Bird  Wt.  (lbs) 

4.0 

Sweep  Back  "io* 

Bird  Speed  (kts) 

’tSo 

9i£PAHt.€0 _ 

Shot  No . :  Test  Date:  7(Zt.(?3  Tested  By: 


Test  Results: 

|sio  pA^»A,Ar<3e 


PPG  Witness: 


Date:  lh^3 


C-12 


I 


PPG  Industries-Bird  Impact  Data  Sheet 
KC-135  Test  Program 
for 

Battel 1e 


Sample  I .D.  0ate3hl33 

Bus  to  Bus  ~Z  I’l _  Oelaminatlon  chk.  Sgg  StfggT- 


Requirements : 

High  Speed  Film  (3  cameras)  ^ f.S  Spall  Shield  Installed 


Test  Conditions 

Requested 

Actual 

Temperature  I.B. 

tLr. 

ll^F 

Temperature  O.B. 

(Lt. 

irp 

Bird  Wt.  (lbs) 

4.o/5__ 

Bird  Speed  (kts) 

^^o 

Ambient  *F 


71^ 


Impact  Loc.  ceMTe<<- 
I nstal 1  at ion 

Angle  - 

Sweep  Back  "Sc  ® 

Angle  - =5 - 


R(£PftHU*0  U.l-1- _ 

Shot  No.  :<?\S  Test  Date:  qi  i  Tested  By:  H-g~G 


Test  Results: 

(XjT B.civil*i>  F^ccp.  9&»o€,TMt'rfO/^  Bernik 

O.B.  4-  A-FT  ^  mP 

/tpT  '3<£»^'5“  »4-  SccJTf. 


C-13 


PPG  I ndustries-Bird  Impact  Data  Sheet 
KC-135  Test  Program 
for 

Battel 1e 


Sample  I .D.  g-in^4-5of 
Bus  to  Bus  .  _ 


S/M  Date_?«lli33 

Delamination  chk.  _ 


Requirements: 

High  Speed  Film  (3  cameras)  spall  Shield  Installed 


Tost  Conditions 

Requested 

Actual 

Temperature  I.B. 

(2.a- 

irr  - 

Temperature  O.B. 

R.t- 

Bird  Wt.  (lbs) 

4t.D 

4.010 

Bird  Speed  (kts) 

T.50 

Z5I.3 

Ambient  *F 


OIJF 


Impact  Loc.  ■ 
I nstal lation 
Angle 
Sweep  Back 
Angle 


CgMTg^- 


LC>li40ooa  LH. _ 

shot  No.  :  Test  Date:  ^lll9J  Tested  By:  HS'G 


Test  Results: 

)4o  oF  Blip  Pev6 TiL/tr/o<*-< 

bfeT»->€S.»^  4  <iA£r«ST-.  l^c> 

l?OCT^. 


PPG  Witness: 


Date:  ^  ft  1^7 


C-14 


PPG  I ndustries-Bird  Impact  Data  Sheet 
KC-13S  Test  Program 
for 

Battel 1e 


Sample  I .0. 5"^ 
Bus  to  Bus 


eA[jl25 


Delamination  chk. 


Requirements: 

High  Speed  Film  (3  cameras)  Spall  Shield  Installed  'ies 


Temperature  I.B. 
Temperature  O.B. 
Bird  Wt.  (lbs) 
Bird  Speed  (kts) 


U5(#aoo^  L  H. 


Shot  No. Test  Date;  Q(i 
Test  Results: 


Requested 

Actual 

ll^f 

^T- 

1-L*T 

4.c>»5 

Amb i ent  *  F 

Impact  Loc. 

I  nstal 1 at ion 
Angle 
Sweep  Back 
Angle 


3S* 


Tested  By;  t4g<s; 


tAtt  •  nIc  6**-*-^-  Pcjx-tf'TTW-rtoAj 

Pfr  ^  eofic. 


C-15 


I 


PPG  I ndustries-Bi rd  Impact  Data  Sheet 
KC-135  Test  Program 
for 

Battel  1 e 


Samp  1 e  I . D.  s-  7n<.4 
Bus  to  Bus  ^ _ 


s/Mq2-o9*^-Uo-3g*a  Date31il53 


Delamination  chk. 


Requirements: 

High  Speed  Film  (3  cameras)  Spall  Shield  Installed 


Test  Conditions 

Requested 

Actual 

Temperature  I.B. 

(Lt- 

11,"  f 

Impact  Loc  fiCWTCR' — 

Temperature  O.B. 

(Ur. 

11,"  f  _ 

Installation 

Bird  Wt.  (lbs) 

4.0 

4  .oto 

Sweep  Back  •2C  ^ 

Bird  Speed  (kts) 

-2-90 

'I.TS*! 

Shot  No. 


:  €l^ 


Test  Date:,  ^hl9J 


Tested  By: 


Test  Results: 

Ho  T^sr.  AA‘5  R(L€  .  CA-lCoS. 

C!h-iP  /L  GoAAJ(£^ 

c^f^ura.  U«.r  is 


PPG  Witness: 


Date:  9///9J> 


C-16 


PPG  I ndustries-Bird  Impact  Data  Sheet 
KC-135  Test  Program 
for 

Battel 1e 


Sample  1.0.  S/N  <^7-C>7g“l4o-coC  Date.  JU3/^ 

Bus  to  Bus  _  Oelamination  chk.  ^U.- _ 


■Requirements:  ^ 

High  Speed  Film  (•»  cameras)  Spall  Shield  Installed 


Test  Conditions 

Requested 

Actual 

Temperature  I.B. 

Temperature  O.B. 

(Lr- 

?JV 

Bird  Wt.  (lbs) 

4.0 

4^IS 

Bird  Speed  (kts) 

1S<> 

Z48-4 

Ambient  “F 


Impact  Loc. 

I nstal 1  at ion 
Angle 
Sweep  Back 
Angle 


55*" 


l.h- _ 

shot  No .  :  S3J  Test  Date:  Tested  By:  Hisc 

Test  Results: 


PPG  Witness: 


Date: 


C-17 


PPG  I ndustries-Bird  Impact  Data  Sheet 
KC-135  Test  Program 
for 

Battel 1e 


Sample  I .0 
Bus  to  Bus 


s/N  ^2~UQ~  1*40  -  IftCo  Date.  3!j3Lv 


Oelamination  chk. 


Qj^=, 


Requirements:  ^ 

High  Speed  Film  (B-cameras)  Hef  Spall  Shield  Installed  'i€s 


Test  Conditions 

Requested 

Actual 

Temperature  I.B. 

<Lt* 

-73 

Temperature  O.B. 

C-T. 

•73  V 

Bird  Wt.  (lbs) 

4.0 

Bird  Speed  (kts) 

‘Z.S’O 

^47- 

Ambient  *F  ■ 

Impact  Loc.  • 
I nstal lation 
Angle 
Sweep  Back 
Angle 


~?3  V 

Cjg34Tfc*- 


Shot  No.  :  85^  Test  Date:_5i^3£?Z_  Tested  By: 


Test  Results: 


lAo  Y)AllW.  K<££ 


PPG  Witness: 


Date: 


C-18 


PPG  Industries-Bird  Impact  Data  Sheet 
KC-135  Test  Program 
for 

Battel 1e 


Sample  I .0.  S/M  Date  ^Iz<il93 

Bus  to  Bus  _  Oelaminat-ion  chk.  See  3(.j€gr 


Requirements: 

•2, 

High  Speed  Film  (-S' cameras)  Spall  Shield  Installed 


Test  Conditions 

Requested 

Actual 

Temperature  I.B. 

13  “F 

Temperature  O.B. 

13^  F 

Bird  Wt.  (lbs) 

4*o__  _ 

4.0(5 

Bird  Speed  (kts) 

TS-o 

lA%n 

Amb i ent  *  F 

Impact  Loc.  - 
I nstal 1  at ion 
Angle 

Sweep  Back 
Angle 


jiy 

3r*^ 


L.H. 


Shot  No. 


Test  Date:. 


Tested  By:  14E'G 


Test  Results: 

NIo  T>A-M.^6C' 


PPG  Witness 


:  - - - 


Date:  ^^29/9^ 


C-19 


PP<3  I ndustries-Bird  Impact  Data  Sheet 
KC-135  Test  Program 
for 

Battel 1e 


sample  l.P-S-inL^-^  S/N  ^  n3-HO -72  (  Date  ^/Vt Hi 

Bus  to  Bus  _  Oelamination  chk.  0>!L- _ 


Requirements : 


High  Speed  Film 


'L. 

(fS  cameras) 


Spal  1 


Test  Conditions 

Requested 

Actual 

Temperature  I.B. 

(Lx- 

14V 

Temperature  O.B. 

(Lt. 

74  V 

Bird  Wt.  (lbs) 

4.0 

Bird  Speed  (kts) 

_ 

Shield  Installed 


Ambient  *F 

Impact  Loc.  ■ 
I nstal 1 at ion 
Angle 
Sweep  Back 
Angle 


36  " 


^VA-lLg-Q  *4  U«>4- _ 

Shot  No .  :  g3g>  Test  Date:.  Tested  By:  /^G 

Test  Results: 

nIo 'd;wua- GG 


PPG  Witness: 


Date: 


U  ■  ' 


smi3^ 


PPG  I ndustries-Bird  Impact  Data  Sheet 
KC-13S  Test  Program 
for 

Battel 1e 


Sample  i  ■D-9-~71~lfc4~\3  S/N  5-K--S-23-S4  Date 

Bus  to  Bus  •  O _  Delamination  chk.  T^ATAr  Sttefel" 


Requirements: 

■2- 

High  Speed  Film  (^cameras)  Spall  Shield  Installed 


Test  Conditions 

Requested 

Actual 

Temperature  I.B. 

7o«r 

Temperature  O.B. 

i-r- 

Bird  Wt.  (lbs) 

<!f.O 

4*015 

Bird  Speed  (kts) 

X-Sl.l. 

Ambient  *F 


7^ 


Impact  Loc.  - 
I nstal lation 
Angle 

Sweep  Back 
Angle 


Cgt^TfelL. 

3C" 


Shot  No. Test  Date:  q(3a  hi  Tested  By: 


Test  Results: 

C>'^Ti‘>a^|k_0  Pcy  liitoiLeF^  .  tc^-j . 

IKr<£ieA'f ©V.  |0  LotA©L  FetuLAA».p  Cja/tA-.**-/- . 


PPG  Witness: 


Date:  SlTahj 


C-21 


PPG 


Industries-Bird  Impact  Data  Sheet 
KC-135  Test  Program 
for 

Battel 1e 


Sample  I  Ot&.H-  S/N  DatejSil^/^J 

Bus  to  Bus  ll^«  *S _  Delamination  chk.  SCC  “PMlV  SttCbT* 


Requirements: 

High  Speed  Film  (i  cameras)  Spall  Shield  I nsta 1 1 ed 


Test  Conditions 

Requested 

Actual 

Temperature  I.B. 

Temperature  O.B. 

-11  “F 

Bird  Wt-  (lbs) 

4.0 

Bird  Speed  (kts) 

1^0 

Ambient  *F 


Impact  Log.  • 
Instal lation 
Angle 
Sweep  Back 
Angle 


. 3.g". 


t«:>|ioOOo>  •  L.H- _ 

shot  No . :  3±^  Test  Date:  Tested  By: 


Test  Results: 

£*-»■(  lu-  Cuvxr  5<ircnoAJ  rc><tA->  oot-  /^r 
Vtcronc  FdAH^e  (Ljc-iU/VAj/«j«^  F/KrcA-e. 


PPG  Witness: 


Date: 


C-22 


I 


PPG  I ndustries-Bird  Impact  Data  Sheet 
KC-135  Test  Program 
for 

Battel 1e 


Sample  I .D.  S/N  4-tv-  Date 

Bus  to  Bus  .  _  Delamination  chk.  OAta  5tf€gr 


Requirements: 


High  Speed  Film  cameras)  Spall  Shield  Installed 


Test  Conditions 

Requested 

Actual 

Temperature  I.B. 

Temperature  O.B. 

\LT. 

Bird  Wt.  (lbs) 

4-0 

4*oio 

Bird  Speed  (kts) 

JZio _ 

^Sl.o 

Amb i ent  *  F 

Impact  Loc.  - 
Instal 1 at ion 
Angle 
Sweep  Back 
Angle 


<vg>^TgK- 


4  u.H. 


shot  No. :  Test  Date:.  Tested  By: 

Test  Results: 


Mo  pA-M.lV<Se 


PPG  Witness: 


Date: 


C-23 


I 


PPG  I ndustries-Bird  Impact  Data  Sheet 
KC-135  Test  Program 
for 

Battel 1e 


Sample  1.0.  Date.  _5ba/?J 

Bus  to  Bus  .  is.l  Delamination  chk.  Sgg  ^>AT^  SttgET- 


Requirements: 

High  Speed  Film  cameras')  '^6*/  Spall  Shield  Installed 


Test  Conditions 

Requested 

Actual 

Temperature  I.B. 

Temperature  O.B. 

i.T- 

n‘*F 

Bird  Wt.  (lbs) 

4-0 

4«oto 

Bird  Speed  (kts) 

TTo 

toA-it€0  ^4 


Ambient  *F 

Impact  Loc.  - 
Instal lation 
Angle 

Sweep  Back 
Angle 


1-L^r 

C£p-7t.<L 


Shot  No. :  Test  Date:  Tested  By: 


Test  Results: 

n/g  DA-m#4«cj-  . 


PPG  Witness: 


Date: 


(i/?a/9y 


C-24 


PPG  Industries-Bird  Impact  Data  Sheet 
KC-13S  Test  Program 
for 

Battel 1e 


Sample  I  ■D.S**lnfc4  s/N  Date  (fell faf 

Bus  to  Bus  Delamination  chk.  3eg  oAr»  sa&tr 


Requirements : 

High  Speed  Film  (^cameras)  Spall  Shield  Installed 


Test  Conditions 

Requested 

Actual 

Temperature  I.B. 

^r. 

Temperature  O.B. 

ft.T. 

Bird  Wt.  (lbs) 

4.» 

4. 

Bird  Speed  (kts) 

Ambient  *F 


Impact  Loc. 


ccfiTet- 


Installation 

Angle  - SO..*- 

Sweep  Back  •»  -  ® 

Angle 


R^ai  teo 


Shot  No. : 


Test  Date 


Tested  By: 


Uec 


Test  Results: 

?»7ii  GtArf  Pac7  FAicma.  4*^  nsAA  //y  /A/mACAy«s7t 

FeAoaA-AP  CAL^t4iA>. 


PPG  Witness: 


Date:  /a/lhj 


APPENDIX  B 

GENERAL  INSPECTION  DATA  SHEETS 


This  page  intentionally  left  blank. 


I 


KC-135  Trzmaparencv  Review  Data  Sheet 
Pilot/Co-Pllot  Main  Windshield 


Customer'  Part  Number: 
Unit  Serial  Nvimber: 

■'Bus  to  Bus  Resistcince: 


itL-H  -oC 

Acc/aej  Pat 


Inspector 


Thermal  Image : 
S.E.  Resistance; 


Ohms 

3^7 


Insulation  TSst^f-' Power  to  S.E.: 
(2500\VAC)'.'.;-:t, S.E.  to  Metal: 

'  ■ :  _  •  ■'  '  S.E.  to  S.E. 

Nesa  Scratch  Test  (350  VAC)  : 

Light  Transmittance; 

Haze : 

Photo  (Single  Exposure) ; 

Deviation  inspection: 

(German  Light  per  Template) 

1:  i)  2:l,d  2-.Jjd_  4 

5:/-Z>  •  6:^>C>  lil.D  8 


Dimensional  Inspection: 

Unit  Thickness: 

(Per  Template) 

1:  1.1 00  2  :  [JclI 

5  ■.l.  iD^  6 

9  -  LImS.  -10 


Kl6ff 

doT 


7 

11 


/iMi 


UiO. 


Seal  Evaluation: 
(Comments) 


8ED'd332 

M/VV  251993 

22  pFB  Th 

&iC 

MAY  2  5  1993 

MAY  2  5  1993 

22  pPG  P 

A/ 

MAY  2  5  1993 

22  PPg  77 

MAY  2  5  1993 

22PPS4 

22P.PS23 

2.C! 

aZP.P528 

Ulo3 

},lo3 

'AM. 

JUN  0  2  1993 

22  PPc  77 

Visual  Inspection: 

(Place  comments  on  attached  sheet) 


JUN  021933 


B-2 


Check  for  vinyl  cracks 


Thickness  Teit^late 


B-3 


I 


/ 


KC-135  Trangoarencv  Review  Data  Sheet 

Pllot/Co-Pllot  Main  Windshield 


Customer  Part  Number: 
Unit  Serial  Number: 

Bus  to  Bus  Resistance: 

Thermal  Image: 

S.E.  Resistance: 


Ohms 

30  f 


Insulation  Test: 
(2500  VAC) 


Power  to  S.E.: 
S.E.  to  Metal: 
S.E.  to  S.E.  : 


Nesa  Scratch  Test  (350  VAC) : 
Light  Transmittance:  13.7 

'7 

Haze: 

Photo  (Single  Exposure)  : 

Deviation  Inspection; 

(German  Light  per  Template)^ 
l:A7)  .  2:  Z.O  3:i2i^ 

5:  l.'O  6-0.^  I-J'Q— 


Dimensional  Inspection: 


Unit  Thiclaiess; 
(Per  Template) 


5:iiL2A 

S-lilOb 


6 

10 


7:  l■/^>6' 


Seal  Evaluation: 
(Comments)  _ 


-t-** - f - - - 

/0~o(o- 

Acc/Rej 

_ 

-072— 

Date 

Insnector 

- 

22EfJ3  28 

JUN  0  4 1993 

/f 

JUN  0  9  IS9J 

ft.VJjS 

L 

JUN  0  s  1993 

k 

JUN  0  S  ISffl 

JU 

JUH14B33 

:^PJ’G2£ 

■./■o 

■  3.., A- 

/2ccy 

S'7S'%3 

22EPG2: 

IWO 

l.ld^ 

irm 

JUN  041993 

22  pFa  "ff 

Visual  Inspection: 

(Place  comments  on  attached  sheet) 


JUN  041993  ??  pFo  rr 


B-4 


Thickness  Ten^ilate 


@0$ '  ■  ®io 


I  • 


KC!-135  Transparency  Review  Data  Sheet 
pllot/Co-Pllot  Main  windshield 

Customer  Part  Number: 

unit  Serial  Number:  oL  0J3- 

Acc/Rej  Date 


Bus  to  Bus  Resistance: 


Ohms 


f'2h9S 


Thermal  Image : 

S.E.  Resistance: 

Insulation  Test: 
(2500  VAC) 


Power  to  S.E. 
S.E.  to  Metal 
S.E.  to  S.E. : 


iflAi  25 


Inspector 

gigWZg 

22P.F^^28 


2!P.?G 


Lb 


Ll  PPft  77: 


Nesa  Scratch  Test  (350  VAC) : 
Light  Transmittance: 

Haze: 

Photo  (Single  Exposure) : 

Deviation  Inspection: 

(German  Light  per  Template) 

1 :  to,  K"  ^  ’  X~D 3  :  0;S 

S  \  ! ,  0  6:1,0  1 


MAt25l993  2j,pPg77 


WAY  251993  PP*  ^ 

wiY  i!  ■  mi- 

b-^-33  MiiiV. 


4:  hX) 
8:  C>,.^ 


Dimensional  Inspection: 


Unit  Thickness: 

(Per  Ten^late) 
1:1.110  2: 

5:  UoiL  6:  /-gl? 
S:l,n<?U  lO-J.OfX 

Seal  Evaluation: 

( Comment  s )  _ 


7:77^ 

11:UJ211 


/2cr^. 
4:  \,d3% 

12:l.0fS 


SiaZZ 


JUN02iaaJ  22PPG77 


Visual  Inspection:  /hktu 

(Place  comments  on  attached  sheet) 


JUN02W33  22PP6  77 


f  <3 


B-6 


Thickness  Template 


Deviation  Template 


! 


KG- 135  Transparency  Review  Data  Sheet 
Pilat/Co-Pllot  Main.  Windshield 

Customer  Part  Number:  £  -  ')  3  S  ^  — 

Unit  Serial  Number:  "  /  Q—  ^ 

Acc/Rej  Date 

A 

Bus  to  Bus  Resistance: 


Ingpector 
SZ.OdHK 


Thermal  Image: 

S.E.  Resistance: 

Insulation  Test: 
(2500  VAC) 


Ohms 

3/^ 

Power  to  S.E.: 
S.E.  to  Metal : 
S.E.  to  S.E. : 


Nesa  Scratch  Test  (350  VAC) : 
Light  Transmittance: 

Haze: 

Photo  (Single  Exposure) : 

Deviation  Inspection: 

(German  Light  per  Template) 
Xi-l.V  2:  'L.O  3:  %,0 

5:  /,P>  6:  g/j"  7 


A  1 

S'iL0'£3 

•^P.FG2S 

„iH  1  2  5  ^33 

22  pPG  77 

MAt  2  5  I9a3 

22  PP6  77 

ffA? 

MAY  2  5  1993 

22  pPG  77 

I.l 

MAY  2  5  1993 

22  PPG  77 

MAY  2  6  1993 

22  PPG  4 

P.-’-l  77 

8: 


Dimensional  Inspection: 


Unit  Thicltness: 
(Per  TCT^late) 

2:i, 


hiPQ 


10 


3:  /. 


I.pn.  T-hJAZ.  8 


hlM£  11:JuJ2£2  12 


mi 


l,LQ.O 


}‘111 


Seal  Evaluation: 
(Comments)  _ 


JUN  0  2  1993  22  pPg  n 


visual  Inspection: 

(Place  comments  on  attached,  sheet) 


JUN  02  1993 


22  pPg  77 


B-8 


I 


KC-135  Transparency  Review  Data  Sheet 
pilot/Co-Pllot  Main  windshield 

Customer  Part  Number:  ^ ^ ^ R  5^  —  30^  ^ _ 

Unit  Serial  Number:  7-  iS3-  „ 

Acc/Rej  Date 

/I 

Bus  to  Bus  Resistance: 


Inspector 


Thermal  Image: 

S.E.  Resistance: 

Insulation  Test: 
(2500  VAC) 


L  0  Ohms 

Power  to  S.E.: 
S.E.  to  Metal: 
S.E.  to  S.E. : 


Nesa  scratch  Test  (350  VAC) : 

Light  Transmittance :  ”7  ^ 

Haze :  '  ^ 

Photo  (Single  Exposure) : 

Deviation  Inspection: 

(German  Light  per  Template) 

1:  2i'},V  2:/,0 

S-.hd_  6:UV 


-.T/3 


:jj^.EP_G  2S 

22  PF':  2? 

041993 

22  PP«  H 

/I 

JUN  0  9  1993 

fe.VJiS 

fr 

JUN  0  »  1993 

'i’ii  I'r  ij  J9 

fr 

JUN  0  a  1993 

r^iVo 

V - 

.um  141933 

F'U-93 

^.PPG?: 

4:J- 


8:  l>0 


Dimensional  Inspection: 


Unit  Thicloiess: 
(Per  Tenplate) 

5 
9 


6:  l,(Q^  '  -j,, 

Seal  Evaluation: 


3  -.jJoA. 
l-.hJA- 


8:  /./02, 


JUN  041993 


22  PPG  23 


22PP8?^ 


Seal  Evaluation:  ^  ^ ^ —  — ■, — — - - 

(Comments)  /C^C* 

Af^'n  ^D-oU^.  A^ri  O^fiTVjS. - 


LJrO  l~f 

Visual  Inspection: 

(Place  comments  on  attached  sheet) 


o  -  JUN  0  41993 
_ 


2ZPf9Tr 


B-10 


Check  for  vinyl  cracks 


JUN  0 


ab93 


22  PP6  Tt' 


KC-135  Tranaparencv  Review  Data  Sheet 
Pllot/Co-Pllot  Main  Windshield 

Customer  Part  Number: 

Unit  Serial  Number:  / <P — 

Acc/Rej  Date 

Bus  to  Bus  Resistance: 


Inspector 


Thermal  Image: 

S.E.  Resistance: 

Insulation  Test: 
(2500  vac: 


Ohms 

Power  to  S . E . : 
S.E.  to  Metal : 
S.E.  to  S.E. : 


:ratch  Test  (3! 


Nesa  Scratch  Tes£^ (350  VAC) : 

Light  Transmittance: 

Haze:  ,  ^ 

Photo  (Single  Exposure) ; 

Deviation  inspection: 

(German  Light  per  Template) 

1:  d,/f  l-.'L  3:  ht' 

5:  d  6:  /, />  .  7: 


Dimensional  Inspection: 


Unit  Thickness: 
(Per  Template) 

s-A,  6 

9  A,  09 3,  10 


I  >011. 


1-.  1,099 


I ‘  099f  11:  f I  09.9  12 


•n 

jjgdaTZ 

2  UFO  28 

f\^<' 

JUN  041993 

ap^  ji 

- 

JUN  0  9  1993 

ftPrO  jS 

JUN  0  !t  1993 

Cl  rru  Jb 

A- 

JUN  0  a  iw 

Ic.  f;r»  J)* 

mimi 

/Scty 

2Zd6'<3U 

.  ■ 

szsddzz 

1,100 

LJd£ 

JUN  041993 

22  pfi  w! 

Seal  Evaluation:  /  t i-w -  -  - - - 

(Comments)  -Yh _ - £4^^ 


visual  Inspection: 

(Place  comments  on  attached  sheet) 


JUN  041993 


22  pPa  n 


B-12 


B-13 


Customer  Part  Number: 


Check  for  vinyl  cracks  ^ ^ ;?  pP> H. 


Deviacion  Teinplate 


■  • 


KC-135  Tfanfliaarancv  Review  Data  Sheet 

Pllat/CQ-Pllot  Main  Windshield 


Customer  Part  Number: 
Unit  Serial  Niomber: 

Bus  to  Bus  Resistance: 

Thermal  Image: 

S.E.  Resistance: 


^9  ?r/-ro/  .- 

,1/3/ _ 

Acc/sej  Date 


Inspector 


Ohms 


Insulation  Test: 
(2500  VAC) 


Power  to  S . E . : 
S.E.  to  Metal ; 
S.E.  to  S.E. : 


Nesa  Scratch  Test  (350  VAC) : 
Light  Transmittance; 

Haze: 

Photo  (Single  Exposure) : 

Deviation  Inspection: 

(German  Light  per  Template)^ 

l:  'X.'D 


1  » 

4^'Xd-9j 

S'^h-93 

^BPG28 

4.^ 

MAY  2  5  1993 

may  2  5  1993 

22  PPfi  77 _ 

MAY  251993 

PP6  T?: - 

/  % 

MAY  25  1993 

22PP«  W 

MAY  2  S  1993 

?2PPo4 

^-Zl->'y3 

22  PPG  23 

4:  3..d 

8:  2,D 


/'.i. 


Dimensional  Inspection: 


Unit  Thic)aiess: 

(Per  Template) 

2:h03l 

6: 

10 


'22FFr  r- 


/■ 


/■  o(^ 


3 

7 

11 


LULl 


LlIiAI 


/  ' &(! 


Seal  Evaluation: 
(Comments)  _ 


X2-.l,0i3 


JUN  0  2  1993  22  pPg  77 


visual  Inspection: 

(Place  comments  on  attached  sheet) 


JUN  02  1993 


22  pP«  77 


B-16 


Check  for  vinyl  cracks  ^  77 


Thickness  Template 


B-17 


Pilot/Co-Pllot  Itain  Windshield 
Customer  Part  Number:  ^ 

Unit  Serial  Number:  l-H-io-S-n-SV _ 


Acc/Rej 


^ Bus  to  Bus  Resistance: 


Ohms 


Date 


Inspector 

22P.rG28 


■^Thermal  Image: 

^S.E.  Resistance: 

Insulation  Test:  Power  to  S.E. 

(2500  VAC)  S.E.  to  Metal 

S.E.  to  S.E.'; 

Nesa  Scratch  Test  (350  VAC)  : 
Light  Transmittance:' 

Haze: 

Photo  (Single  Exposure) : 

Deviation  Inspection: 

(German  Light  per  Template) 

1:  g.O  3:  g-  0 

6:  7:  /  ._p_ 


22PFG22 


9 

2;_ 2;; 

MAY  2  5  1993 

22  pPS 

.MAY  2  5  1993. 

22  PP*» 

^  f  M-  ^  , 

MAY  2  5  1993 

22  pP8 

A  3- 

MAY  2  5  1993  i 

22  PP# 

MAY  2  6  1993 

22?FG4 

/Xf'.r  y 

2. 

'll!) 

8:  7,  d 


Dimensional ,.  Inspection : 


^  Unit  ThicJtness: 
(Per  Template) 

2:},!  01^ 
1,/bV  6:iiI44L 


IdlJL 


10  :  !>!  D  ^ 


Seal  Evaluation: 
(Comments)  _ 


.  3  :  /.  /  hf 
■  hUl6±_ 
XX-.JMI. 


d. 


12 : / « /  M 


JUN  0  2 1993  22  pPs  Ttt 


fiy  ^ 


—  C\o  qJT^c/  iS*! j  I 


visual  Inspection: 

(Place  comments  on  attached  sheet) 


f9-e.  u 


JUN  021993  22P?8  77 


B-18 


Check  for  vinyl  cracks  ^ 

Visuail  Inspection  Map  &  Comments 


Thickness 


Template 


I 


TTP-i-^*;  TT-angparencv  Review  Data  Sheet 

pllot/ro-Pilot  Main  windshield 

Customer  Part  Number:  r- 

Unit  Serial  Number:  Hi- H~  —  ^  9!^. — 

&cc/Rej  Date 

r~'  \ 

Bus  to  Bus  Resistance: 

K'D,^  Ohms 


Inspector 

9eppa2c 


.31^ 


Power  to  S . E . : 
S.E.  to  Metal: 
S.E.  to  S.E. : 


Thermal  Image : 

S.E.  Resistance: 

Insulation  Test: 

(2500  VAC) 

5)\(,^  t  ,,  ^ 

Nesa  Scratch  Test '  (250  VAC) : 

Light  Transmittance: 

Haze: 

Photo  (Single  Exposure) : 


77.0 

hi 


Deviation  Inspection: 

(German  Light  per  Template) 

1:  'll)  2:  2,d'  3:.,^-^. 

S-rUiT  6:  a.d  I-IjM- 


Dimensional  Inspection: 


Unit  Thicjaiess: 
(Per  Template) 

l:Ii^  2:  )i0f7 

■■J-LOiL  6: 


10 


h/oi 


7 

11 


uiix. 


hlQ-i- 


Seal  Evaluation: 
(Comments)  _ 


73-2  3- 

SZ3dd^ 

-  > 

S-xH7 

JUN  041993 

■psn* 

JUN  0  9  S93 

»rF3  33 

k 

JUN  0  s  1993 

h;  PFvs  3S 

- ^ - 

JUN  0  ^  1593 

a 

JUU141993 

U.cHZZ 

:  l>d 
■■3j±- 

22  r..'  )  2? 

],lol) 

hioz. 

1-0%. 

JUN  041^ 

22  P?8  Jf 

Visual  Inspection: 

(Place  comments  on  attached  sheet) 


JUN  041993  23  pPa  » 


B-20 


ThicScness  Template 


I 


KC-135  Transparency  Review  Data  Sheet 

Pllot/Co-Pllot  Main  wlndahield 


Customer  Part  Niomber: 
Unit  Serial  Number: 

Bus  to  Bus  Resistance: 

Thermal  image: 

S.E.  Resistance: 


5^  /f  J-TV-  S'o) 

Acc/Rej  Date 


Insulation  Test: 
(2500  VAC) 


Power  to  S . E . : 
S.E.  to  Metal: 
S.E.  toS.E. : 

TW 

Nesa  Scratch  Te^'^/sso  VAC)  : 


Light  Transmittance: 
Haze  : 

Photo  (Single  Exposure) : 


7V-2- 

l.z 


Deviation  Inspection: 

(Germ^  Light  per  Template) 

1:  2:  /,  ^  7,.Jh£— 

5:  arT)  6  :  .0  /  f"  ?=  I'O  - 


Ingpeetor 


/  Ohms 

3/2- 


n  V/ 

■gZijdtl  Tt 

/H-<? 

JUN  04  1993 

22  pPS  7) 

juntos  IS93 

22fr2  39 

JUN  0  »  1993 

?ru  J9 

JUN  0  1993 

Sriira  JS 

JUH141993 

17^ 

22P.PG20 

i-jjh. 

8:4iL. 


Dimensional  Inspection: 
Unit  Thickness: 


■.UlU  2-.hJ2M  ■  3: 

■LlUL 

7: 

IQ-.IJZT-  11: 

LUl 


hllL 


iiU-x 


X2: 


tfeO 


3^  04111 


Seal  Evaluation:  n--'' —  — j - -  — 

( Comment s )  i^} 


Sim 


visual  Inspection: 

(Place  comments  on  attached  sheet) 


JUN  041993 


^2  pH  n 


B-22 


I 


KC-135  Tranattaranev  Reviev  Data  Sheet 
pilot/Co-Pllot  Main  Windshield 

Customer  Part  Number:  ^  - 

Unit  Serial  Number:  9-^  /f  ~ 


Acc/Rej 

Date 

Bus  to  Bus  Resistance: 

o 

m 

Thermal  Image: 

S.E.  Resistance; 

.3^3 

Insulation  Test; 

Power  to  S . E . : 

JUN  041993 

(2500  VAC) 

S.E.  to  Metal : 

S.E.  to  S.E. : _ 

— — — 

Vi  -3 

jUN  0  9  1S93 

Nesa  scratch  Test 

(350  VAC) : 

Yt _ 

Light  Transmittance:  7  ^  ^ 

-4- 

JUN  0  9  1S93 

Haze: 

.7 

JU»>  0  9  IJ93 

Photo  (Single  Exposure) : 

JUN  14 1993 

Deviation  inspection: 

7^-^ _ 

(German  Light  per 

Template) 

l:X,0  2-.l,d 

S-.  hO  6; 

z.d 

Inspector 

22PPG2g 

22L°528 


22  PPG  T7 


HI  PP3  39 


-^1‘PCS 

22p?Grj 


Inspection: 


Dimensional 

Unit  Thickness: 
(Per  Template) 

1:  l.lo^  2:  ].0‘?9 

s-j,  10%.  6:  I.IO'J 

9:/i/02-  10:  \J0^ 

Seal  Evaluation: 
(Comments) 


3ihl0%-  4:  A/g/ 

T.t.lDl.  6:hlA2=. 

11:  )>I0)  12:iii££_ 

S  f  oTf^t  K.J. 


22PFG2r 


Jl)N  041993  22  PPGF? 


5^/  Z.r 


Visual  Inspection: 

(Place  comments  on  attached  sheet) 


JUfU41993 


B-24 


Thickness  Teirtplace 


Trr-135  TraTiaparanev  Review  Data  Sheet 
iQt/Co-Pilot  Main  Windahiald 

Cus comer  Part  Number:  .  ^  ^ — 

unit  Serial  Number:  ^ 

Acc/Rej  pate  InspebtSg 

?2P.PS2S^^_ 


Bus  CO  Bus  Resistance:  — 

,^7, A  Ohms 


Thermal  Image ; 
S.E.  Resistance: 


s-u-n 


g;2£(l2a 

22P.PS28 


Insulation  Test:  Power  to  S.E. : 

(2500  VAC) 


r-‘X)i-13 

MAY  2  5  1993  22  pP#  It 


S.E.  to  Metal:  — 

S.E.  to  S.E.:  (yT 


Nesa  Scratch  Test  (350  VAC)  : 
Light  Transmittance: 

Haze  : 

Photo  (Single  Exposure) : 

Deviation  Inspection: 

(German  Light  per  Teitpslate) 

1:  n,K'  2:AZL_ 

5:7Z?I  6=  a  XL-  7:Jj^ 


f(,,3  MAY  2  5  1993 
MAY  2  5  1993 
,  ^  .  ys.Y  2  S 1993 


iZ  } !  0 

stPffT- 


_  MAY  2  5  1993  apPerT 


?g  pPa  T7 
22  PPs  77 

22  PPG  4 


Dimensional  inspection: 


Unit  Thickness: 

S-.h02£_  IQ-.hOf'P 


Seal  Evaluation: 
(Comments)  _ 


JUN  0  2 1993  22  pPs  77 


Visual  Inspection: 

(Place  comments  on  attached  sheet) 


JUN  02  1993 


jgl  P?S  77 


B-26 


■'  Thictaiess  Template 


I 


•gg-13F  T-i»attaparenev  Ravlaw  Data  Sheet 

■■■  y^1o^■/Co-Pl^at  Main 


Customer  Part  Number: 
Unit  Serial  Number: 

Bus  to  Bus  Resistance: 

Thermal  Image : 

S.E.  Resistance:  j 


0  ?o_ 

Xcc/Rej  Pa£e 


Ohms 


Insulation  Test: 
(2500  VAC) 


Power  to  S.E.: 
S.E.  to  Metal: 
S.E.  to  S.E. : 


Nesa  scratch  Test  (350  VAC)  : 
Light  Transmittance: 

Haze: 

Photo  (Single  Exposure) : 

Deviation  Inspection: 

(German  Light  per  Template) 

2-JJL. 

5  :  /Qi-^  6  :  0>^  -  — 

Dxiiisnsional  Inspection.. 


inspector 
22  PPG 

fl'iiiTt 

■22P.fG22 


MAY  2  5  1993  .32  pPG  77 


nn^O  MAY  2 5  1993 
7/2,  MAY  2  5  1993 


22  PPs  77- 


i-J.d 

e-jIK 


22  PPG  28 


MAY  2  9  1993 


Unit  Thic)mess: 

(Per  Template)  ^ 

2:Zi^fC 


um 


UdJ. 


ei/.PlC'  7 

10:LJ2iI  11 


}.wS 


l.-Oft 


417/ ^>^3 
8:Am7 


Seal  Evaluation: 
(Comments) 


/.•  i/’7  V  V  -rt' 

7.1-hPSl 


JUN  0  2  1993  <?2  pPh 


^  JUNi)2ig93  g  ” 

visual  Inspection;  rv\y-' — - 

(Place  comments  on  attached  sheet) 


B-28 


Deviation.  Template 


m 


I 


yr-.T-at;  T-ratiaparenev  Raviev  Data  Sheet 


Ct/-  Set'Ll 

Customer  Part  Number:  - o  >  •?JL - 

Unit  Serial  Number:  -/ O  —  qCo-  Q 


Acc/sej  P.?£b 


Bus  to  Bus  Resistance r 


Thermal  Image:  . r* 

S.E.  Resistance:  %s  ‘^12^ 

Insulation  Test:  Power  to  S.E.: 
(2500  VAC)  S.E.  to  Metal: 

S.E.  to  S.E. : 

Nesa  Scratch  Test  (350  VAC)  : 
Light  Transmittance:  _  ..  - 


Photo  (Single  Exposure)  : 


22  PPG  2? 


22  PPG  28 
22EPG  2S 


UAY  25  1393  22  PPB  77 


MAY  2  5  ^93 

MAY  251993 
/.v3  MAY  2  5  1993 


way  2  * 


Deviation  Inspection: 
(German  Light  per  Template) 

2:  D~0_.  ■  ^-liA 


22  PPG  77 

22  PPG  7' 
22  PPG  77  . 


222PG2S' 


4:  />.  D 


6:  1,  t) 


n\  'lid  8: 


Dimensional  Inspection:  _ - 

unit  Thickness: 


22EPG28 


Seal  Evaluation: 
(Comments)  _ 


Visual  Inspection: 

(Place  comments  on  attached  sheet) 


JUN  021393  a  PPG  77 


JUN  02  1393 

22  ?»«77 


B-30 


I 


Check  for  vinyl  cracks 


B-31 


I  • 


Trr-13S  Reviaw  Data  Sheet 

miot/co-Pllot  Main  wlnd3i;lgl<^ 

customer  Part  Number:  ..  ,5"^  — 

Unit  Serial  Number:  ()  ?(a. 

Acc/Bej  Pate 


Bus  to  Bus  Resistance:  ^  ^ 

<3,.?  Ohms 


Inspector 

KSfdS 


Thermal  Image : 
S.E.  Resistance: 


V  3. 


^.cL. 


insulation  Test:  Power  to  S 


(2500  VAC) 


S»E.  to  Metal: 
S.E.  to  S.E. 


MAY  2  5  1993  22  PP8>> 


22  PPS  7i 


Nesa  Scratch  Test  (350  VAC) ; 
Light  Transmittance: 

Haze: 

Photo  (Single  Exposure) ; 

Deviation  Inspection: 
(German  Light  per  Template) 

5 :  /.■r~  ^'LlA _ 


^51993  _ 

.  n  7  MAY  2  5  1993  22  PP6  ^ 


IsS 


MAY  2  5  1993  22  pPS  77 

I,ry2S  1993  22  PPG  4 


i?f3L22_ 


8:  5-0 


Dimensional  Inspection: 


Unit  Thiclcness: 

(Per  Teii:?3late)  ,  , 

X-  2:  li  100  3:  i'-UAi 

i.on  '^'■^4^  .V¥t^ 


y 

>r- 


22PFG2ff 


*L/T2  o  :  / 1  /  (.•  -3-  *  »  f  ■  f  1  u 

/,  //»?  10:  !  .!  OS^  llilJOi  12:J7lEJ 


Seal  Evaluation: 
(Comments) 


JUN  0  2  1393  22  pPg  77 


Visual  inspection: 

( Place  comments  on  attached  sheet) 


JUN  02  1993 


22  ^  77 


B-32 


■’  TliicJdess  Ten^late 


B-34 


Check  for  vinyl  cracks 


ML  n  pPa  f! 


I 


T-rananarancv  Revieir  Data  Shee^ 

■  THinfc/Co-Pilot  Main  Windshield 

Customer  Part  Number:  f)  —  f  ‘TV"'  — 

Unit  Serial  Number:  ^-j^-/r-7s-C 

Acc/Bej 

Bus  to  Bus  Resistance: 


Thermal  Image : 

S.E.  Resistance: 

Insulation  Test: 
(2500  VAC) 


kL.d  Ohms 


.  ,3/3 

Power. to  S.E. : 
S.E.  to  Metal: 
S.E.  to  S.E. : 


Date 


(hir> 


ingpeetor 

Hftfd'dZZ 

2ZS33^i, 


MAY  25  1993 


WAY  25  1993. 


Nesa  Scratch  Test  (350  VAC)  : 
'Light  Transmittance: 

Haze: 

Photo  (Single  Exposure) : 

Deviation  Inspection: 

(German  Light  per  Teit?)late) 

^*4%- 


may  2  5 1993  22PP6  7i 


.fhdy 

Ml- 

J  Q  MAY  2  5  1993 

may  2  * 


22  PPS  71 


22  PPS  ^ 


22PPS4 


.^vv 


iz  i-cfi'  ZZ 


4;  /,6> 

8:Xj2_ 


Dimensional  Inspection: 


Unit  Thic)cness: 
(Per  Template) 


X,  OJZZ 


!  I  0.1/1 


i  I  0  ^2  10 


UnHt  7:  i,0i7 


.  --  /I’.r  . 


'Lm£ 


gZEcfdZZ 


8 


11:  I,  OVS'  12 


h  Q 


}-Dyi' 


JUNO  2  1993  ttPPaW 

Seal  Evaluation:  ^  A  ^ '1  ~ 

(Coimuents)  ^  Oof - - 


JUN  0  2  1993  22PPS7!« 

Visual  Inspection:  ■  --  - ^ - 

(Place  comments  on  attached  sheet) 


B-36 


Thi-ckness  Ten^ilate 


1 


tcc-135  Tr Reviev  Data  Sheet 
otMa' 


Customer  Part  Number: 
Unit  Serial  Number: 


Bus  to  Bus  Resistance: 


c-  gy  75-^-  $‘oi — 


Acc/Sej  EafeE 


Thermal  Image : 

S.E.  Resistance:  ' 

Insulation  Test:  Power  to  S.E.: 
(2500  VAC)  ,  S.E.  to  Metal: 

l-hjlal^.E.  to  S.E. : 

L/a/T"  cpf-'fc./' 

Nesa  Scratch  Test  (350  VAC)  : 
Light  Transmittance :  7  3 

.  rl 


Haze  : 


Photo  (Single  Exposure) : 

Deviation  inspection: 

(German  Light  per  Template)  \ 

2:2. Z)  3-.jgAL 

s'-r^SL  6=1121 


JUN  0  9  tS3 
JUN  0  9  IS93 

JW  0  .9  1993 

jUUl  4^993 


4:  d.S' 

8:  l.P 


Dimensional  Inspection: 


Unit  Thickness: 
(Per  Template)  v 

l:JjJlSl  2:  h0i± 


2-.  Mil 


I  0^  l-.JjJliL  ® 

]j_0±2r-  10:  I '  11:2' 2^1.  2.2 


IS  : 

udlL 


Seal  Evaluation: 
(Comments)  _ 


Visual  Inspection: 

(Place  comments  on  attached  sheet) 


^PJ»GZS 


RlTcJJK 


JV)N  041933  22  Pfa77 


ttPF339 
U  PPG  39 

it 


22  mis 


^.EPS2S 


041533  -cPP$r:f 


JUN  0  4 1993  22  pPs  77 


B-38 


Tliickness  Templata 


I 


KC-135  T-ranataarenev  Reviaw  Data  Shea^ 
p^^Qt:/Co-Pllot  Main  Windshield 


Customer  Part  Number: 
Unit  Serial  Niomber: 


<1  t 


Bus  to  Bus 

Thermal  Image : 

S.E.  Resistance: 

Insulation  Test: 
(2500  VAC) 


i^ii_Obms 


- 

Power  to  S.E.: 
S.E.  to  Metal: 
S.E.  to  S.E. : 

(3S0  VAC)  : 


Acc/Rej  Da£S 


^  .r"  rw — 

KIA'I  2  5  1993 

—  ->•  • 

MAY  2  5  1993 

MAY  2  5  1993 

MAY  2  5  1993 

— 

.>r,2M3 

U-d 


Nesa  scratch  Test 
iiight  Transmittance: 

Haze: 

Photo  (Single  Exposure) : 

Deviation  inspection: 

(German  Light  per  Template) 

l:  3:ji 

S;  Q^.p  'Ij'-Jt'S.— 


4: 

8: 


Resistance: 


Dimensional  Inspection: 


m(  e-fr-ioo? 


unit  Thickness: 

(Per  Template)  ' 

S-.Lnii. 

9-.LM1-  10:  11:jU4A3. 


A-.Aofl 

12:  l.lOl 


Seal  Evaluation: 

( Comment  s )  /  / ) 


JUN  0): 

'^;shSd 


visual  Inspection: 

(Place  comments  on  attached  sheet) 


JuN  02  iaa3 


Ingpector 


g!£?G28 

22  PP6  77 


^  pP6 

22  PPfi  77 
22  pPftjSI 

*2  PPG  4 


22?Pr.7^ 


23 PPG  v£>)C> 
22  PPG  28 


22  PPg  77 


22  p?S  77 


B-40 


Check  for  vinyl  cracks  ^  '^2- 


Tbi. Claes  s  Tenplate 


B-41 


KC-135  T-rangnarenev  Review  Data  Sha^ 
■  g^^fl^•-/CQ-Pllot  Mai"  windshield 


Customer  Pairt  Number: 
Unit  Serial  Number: 

Bus  to  Bus  Resistance: 

Thermal  Image : 

S.E.  Resistance: 


a-/o-/8-/C>7 

Acc/Rej  safes 

- _  £zlLd3. 


M  )  >S  Ohms 


Insulation  Test: 
(2500  VAC) 


Power  to  S . E . : 
S.E.  to  Metal: 


uu  VAU/  U.*-.  ww - 

^  S.E.  to  S.E. : 

Nesa  Scratch  Test  (350  VAC)  : 

Light  Transmittance:  77? 

Haze :  '  ' 

Photo  (Single  Exposxrre)  : 

Deviation  Inspection: 

(German  Light  per  Template) 

5:T^  6:77^ 


Am 

'Hj. 

■-A 


■  /^C^J 


4_:.2i£_ 

8': 


JUN  041993 


Inspector 

^PJ’S23' 


JUN  O  J  IS93 


gpPS  77 


JUN  09  1S93  CPrajS 


Sf  9d<l  7^ 


1^'  JUN  0,9  893 


2?  to 


"da 


®,R^328 


Dimensional  Inspection: 


Unit  Thickness: 
(Per  Template) 

2:/,pg_ 

s-.holL  ^■■UiSL 

9:  /,tJ  9^  10:M2i_ 


2:/3iL 

•LX-.JMJL 


Seal  Evaluation: 
(Comments)  _ 


4 :  /■  D97f. 
8:7.8?^ 
12 : 

‘Re'S 


22?'128 


JUM  0  4  ■'-93  22  J>?3  7? 


visual  Inspection:  ..  fi - 

(Place  comments  on  attached  sheet) 


J'.iH  C-;  '933 


•-  ;■»»  -rm 


B-42 


B-43 


I 


ICC -13 5  Tranaparancv  Review  Data  Sheet 

p-ilot/Co-Pllot  Main  Windshield 

Cus comer  Parc  Number:  ^  f  - - 

UniC  Serial  Number:  ~  H~  C"  S~— 

Acc/Sej  Pate 

Bus  CO  Bus  Resiscance: 


Ohms 

i3n  • 

Power  to  S -B . : 
S.E.  to  Metal: 


Thermal  Image : 

S.E.  Resistance: 

Insulation  Test: 
(2500  VAC) 

Nesa'Sc^ratch  Tesi 
Light  Transmittal 
Eaze: 


Deviation  Inspection: 
(German  Light  per  Template) 
■L-.a^d  3:JiO 

S-.0X_  6:  'hO  7:_M 


Dimensional  Inspection: 


A 


'-JMI 


Inspector 

22WG2S 

gEPG2S 


JUO  0  9  1993 

»?r339 

m 

o 

-A 

lUN  0  9  1993 

<2frad9 

St 

'  JUlii  0  9  1993 

_•  e?riJSl 

0  * 

^<3!c.c^ 

19-U-? 

S-^^-92?  • 

7i?mi 

4:  13 
8:  ?.?) 


Unit  Thickness: 
(Per  Template) 

1:  2-.hQ%Z 

5 
9 


6-.i>(?9T»'  i-.UdSJ. 

1^-.hc?9/.  .12:  hO.^.  . 


JVJN  0 


4'i99^ 


Seal  Evaluation: 
(Comments)  _ 


22PF8  77 


AJ-e  -fJ  S  Ci^  "fyi  »t-  j 


visual  Inspection:  ^ ^ 

(Place  comments  on  attached  sheet) 


JUN  0  4  )993 


22  PPB  5f 


B-44 


I 


■'  TTri  rka.es  s  Ten^jlate 


B-45 


Customer  Part  Number: 
Unit  Serial  Number: 


Bus  to  Bus  Resistance: 


Acc/Rej  pate 


Thermal  Image: 
S.E.  Resistance: 


.213 


Insulation  Test:  power  to  S.E.: 
(2500  VAC)  S.E.  to  Metal: 

S.E.  to  S.E. : 

Nesa' Scratch  Test  (350  VAC): 
Light  Transmittance:  7^7 
Haze: 

Photo  (Single  Exposure)  : 


S-1D'95 


Deviation  Inspection:  . 

(German  Light  per  Template)  -  . 

l:/,0  2:JL:_2^  3:^22- 

5:1111  6:  g.ui-  .  ■  8:^:^ 


JUN  041993 


JUN  0  9  1993 
JUN  0  9  1993 


»?P8  2S 


nm.2s. 

SZtSJtz 


«Pf3  32 


Pr«  39 


^  juijO.9  1993  ..?f-5  39 


22Ef8  28 


Dimensional  Inspection:  _  - 

Unit  Thicltness:  ■  -  .  . 

(Per  Template) 

^■.uoflL  2:Mfl 

s-.hoio  TzI.otL.  . 


Seal  Evaluation: 
(Comments)  _ 


22E?2  2S 


JUN  041393  j2pP8  5? 


visual  Inspection: 

(Place  comments  on  attached  sheet) 


JUN  G  t  22  ??s  !?1 


B-46 


Deviation  Tesnplate 


I 


^g-2.35  Transparancv  Rbvx6w  Data  ShQQt 
Pilnt/Co-Pllnfe  Main  Windshield 

Customer  Part  Number: 

Unit  Serial  Number:  (ofl 

fi*  ^ 


Bus  to  Bus  Resistance: 


^'P.'D  Ohms 


Acc/Rej 


Date 


Inspector 

2£P,G25 


Tiiermal  Image: 

S.E.  Resistance:  ».3 

Insulation  Test:  Power  to  S.E.:  — 

(2500  VAC)  S.E.  to  Mbtal:  .. 

S.E.  to  S.E.:  _ 

(350  VAC) : 

Light  Transmittance:  :ni 
Haze:  -  < 

Photo  (Single  Exposure)  :• 


JUN  041993 


±. 


A. 


^i?i'339 


A 


Deviation  Inspection: 

(German  Light  per  Ten?)latel^ 

l:  A.n 

s-.AlR.  7:Jj2_ 


JUNfrs  893  ePrG39 

JUN  D  9  1593 
JU(<0;9  1993 

JUKI  4 1995 


j39 


22PPG2S 


4:  ^.D 

8:  1.0 


Dimensional  inspection: 


Unit  Thickness: 

(Per  Template) 

2zhM^ 

S-.I.qiTA  6:  l<0^^  7 :  hstl. 

^•LSAS- 


22p_pg2S 


Seal  Evaluation: 
(Comments)  _ 


..Mid 


JUN  041993 


22  PP«  TT 


Ah' /oA-  duT'^’^1  - e>-K,  doTThl  S^J-‘± 


visual  Inspection: 

(Place  comments  on  attached  sheet) 


JUN  041393 


’?  pPs  yf' 


B-48 


i 


A.  JUK  041993 

Check  for  vinyl  cracks  ^  ~ 


B-49 


T-rangpareP^Y  She^ 

- - P^I^Wro-Pll^^  *-*  Window 


3  S7-  / 

customer  Part  Kumber:  JL - ^ - - - - 

/?'7r-  ///f 

unit  Serial  Number:  ^ — L-J. - 


Acc/Sej  E3i£ 


Tpgpectos 

%mTL. 


BUS  to  BUS  Resi-  2ljJ_Gms 

Thermal  Image;  . .4  -^-- 

Insulation  Test-  -uwer  to  Metal; 
(2500  VAC) 

Nesa  Scratch  Test  (31  VAC) : 

Light  Transmittance: 

Haze: 

Photo  (Single  Exposure) . 

Deviation  inspection: 

(German  Light  per  Template) 

2:_^  3:_^  4 


Dimensional  Inspection. 


unit  Thickness: 
(Per  Template) 


HAY  2  6  199i 

lliiiW. 

dec. 

22PP(543 

oK 

HAY  2  6  ISSo 

22PP&G 

?'3.  2 

may  2  6  1993 

ZJJpGia 

/.  ^ 

MAY  2  6  1983 

22PPS47 

J\1U141893> 

JUNOS  1993 

.  r  T  ^ 

22EP328: 

3:,7.rz  _ 


Check  for  Vinyl  Cracks: 
Seal  Evaluation:  . 
(Comments) 


JUN  0  3  ISJS3  22  Pp8 


JUN  0  3  1993 


visual  Inspection:  .  . 

(Place  comments  on  attached  sheet) 


B-50 


visual  Inspection  Map  &  Conanents 


jSLW^ 


KC-135  Transparency  Raview  Data  Sheet 
PilQt/Co-Pilot  »4  Window 


Customer  Part  Number: 
Unit  Serial  Number: 


9^  nM  0^0  V7/ 


Aec/Sej 


Date  Inspector 

^  V  I  /O'? 


Bus  to  Bus  Resistance: 


Thermal  Image : 

Insulation  Test: 
(2500  VAC) 


_j£^£^0hms 


Power  to  Metal: 


Nesa  Scratch  Test  (8i  VAC)  : 
Light  Transmittance : _ 

Haze : 

Photo  (Single  Exposure)  : 

Deviation  Inspection: 

(German  Light  per  Templat^ 

l:_i_  2:_L_  3=^ 


Dimensional  Inspection: 


Unit  Thickness: 
(Per  Tenplate) 


tL 


Check  for  Vinyl  Cracks: 
Seal  Evaluation: 
(Comments)  _ I - 


4: 


'm 


MAY  26  1993 

22  PP8  77 

MAY  26  1993 

22  PPS  m 

09:7  __ 

MAY  2  6  1993 

,  22_PP8  77 

//^ 

MAY  26  1993  . 

.-2  PPB  ??. 

2  6  MAY  1993 

22PPG47 

■ 

MAY  26  1393 

22  PP8  79 

-  ' 

j 

— 

_ 

A'2.3'-l3 

Jd2.- 

•- 

JUN  0  2  1393 

22  PP6  55. 

JUN  02  1953 

??  oPft  71 - 

visual  Inspection : 

(Place  coiriments  on  attached  sheet) 


JUN  021S93 


22  pPa  59! 


B-52 


visual  Inspection  Map  &  Comments 


i 


Trr-135  TraTianarencv  Review  Data  Sheet 
Pllot/Co-P<^lot  »4  Window  .  .  . 

c"  _  njn  L  ‘Z—  / 

customer  Part  Number:  _2. - ^  i — 

unit  Serial  Number:  ~  V  ~  ^2^ 


Bus  to  Bus  Resistance 

Tbermal  Image : 


Insulation  Test : 
(2500  VAC) 


Ohms 

a 

Power  to  Metal: 


Nesa  scratch  Test  (81  VAC) : 

Light  Transmittance: 

Haze:  ■* 

Photo  (Single  Exposure) : 

Deviation  Inspection: 

(German  Light  per  Ten?>late) 

l:.  3  2:_^  3:^ 


Dimensional  Inspection: 

Unit  Thickness; 

-3=^ 


Check  for  Vinyl  Cracks: 
Seal  Evaluation: 
(Comments)  _ ^ — 


of? 

A  7^ 

may  2  6  1993 

22  pP<» 

MAY  9.fi  1993 

22  pPS  77 

MAY  26  1993 

22  PPg  77 

MAY  26  1993 

22  _PP8  77 

2  6  MAY  1993 

22ppg47 

MAY  26  1993 

le  PPS  YY 

;  -3 

- 

_ 

jdi 

Hitisiz 

_ 

— 

JUN  02  1993 

22  PPS  77' 

JUN  021993 

22  pPG  Y7 

JUN  0  2  1993  22  pPS  77 

visual  Inspection:  Ctrl -  — - -  ■ 

(Place  comments  on  attached  sheet) 


B-54 


gC-135  T-ranawar-enev  Review  Data  Sheet 

Pllat/Co-Pllot  *4  Window 


Customer  Part  Number:  -  ,  '1  "  ^^.J. - 

unit  serial  Number:  fb-  ^  ^  3  STO. 


Acc/Rej 


Date 


Inspector 


Bus  to  Bus  Resistance: 


Thermal  Image : 


y/),  I  Ohms 


insulation  Test:  Power  to  Metal: 

{2500  VAC) 

Nesa  Scratch  Test  (81  VAC)  : 

Light  Transmittance : 

Haze:  - 

Photo  (Single  Exposure) : 

Deviation  inspection: 

(German  Light  per  Tenfilate) 

l:  ^  2:_J2_  3:  ^  _  4: 

Dimensional  Inspection:  ■ 


Unit  Thickness: 
(Per  Template) 


Check  for  Vinyl  Cracks : 
Seal  Evaluation: 

( Comment  s )  _ _ — 


a2EPil28 

.  MAY  2  6  1993 

IZ  pP6  17. 

- 

jU^ 
n9.  7 

MAY  2  fi  1993 

pPG  77 

BAY  2  8  1993 

22  pPG  77 

h  'y 

HAY  2  6  1993 

a  PPS  77 

.2  6f=.AY1993 

22PP6A7. 

:3 

MAY  2  6  1993 

22  pP6  77 

■  -  - 

M2. 

SZSddZJ 

iP'TJH' 

JUN  021S33 

r, 

JUN  021993 

22PP«77 

Visual  Inspection: 

(Place  comments  on  attached  sheet) 


JUN  02  1993 


22  PPorr 


B-56 


I 


kc-135  Trangparenev  Review  Data  Sheot 
■  Pllot/Co-Pilat  «4  Window 


Customer  Part  Number: 


-TP  } 


unit  Serial  Number:  3^ - ^'^3. — tLd — O^.— 


Acc/Kej  Date 


inspector 


Bus  to  Bus  Resistance:  .  ~  .^^G2S_ 

Ohms  _ 


Thermal  Image : 

Insulation  Test 
(2500  VAC) 


22  PPG  77 

:  Power  to  Metal :  — : —  - - - 


Nesa  Scratch  Test  (81  VAC) : 
Light  Transmittance:  ^  ■ 

Haze : 

Photo  (Single  Exposure) : 

Deviation  Inspection: 

(German  Light  per  Template) 

1:  J  —  3- — 3- 


MAY2G1993 

_ _  ??  pp*  'Tt 


26  1993  22  pPg  77 

!  may  26  1933 


pP«  79 


2  6  MAY  1S93  22 

g>pP«77- 


Dimensional  Inspection: 

Unit  Thicioiess: 

(Per  Teir5)late) 

X,JM.  2:  .^33  3:>4^ 


Check  for  Vinyl  Cracjts: 
Seal  Evaluation: 

( Comment  s )  _ _ 


. ... 

JUN  0  2  1993  3  22  pPg  77 


/u>^ 


JUN02  393  ^  pPs  7> 


visual  Inspection: 

(Place  comments  on  attached  sheet) 


JUN  c  i  'SSi 


22  PPS  77 


B-58 


I 


visual  Inspection  Map  &  Comments 


Thickness  Ten^jlate 


I  • 


KC-135  T-rangoarenev  Review  Data  Sheet 

Pilot/Co-Pllot  *4  Window 


r  '7 1 1  Li.  -  ‘T I 

Customer  Part  Number:  ?  ~ _ i - 1 - - - 

Unit  Serial  Number:  '  9 - 


Acc/Kej  Date 


Bus  to  Bus  Resistance: 

Thermal  Image : 


O 


22  PPG  IS 


Ohms 


..  .  rf 


Insulation  Test:  Power  to  Metal; 

(2500  VAC)  . 

Nesa  Scratch  Test  (81  VAC) : 

tight  Transmittance :  _  '//  <  5 

Haze: 

Photo  (Single  Exposxire)  : 

Deviation  Inspection: 

(German  Light  per  Template) 

l:  S  2:  S—  3:_1_  A 


Dimensional  Inspection: 

Unit  Thickness: 

(Per  Tenplate) 

1:  , 4/c  2:  3:  ■ 


Check  for  Vinyl  Cracks: 
Seal  Evaluation: 

( Comment s )  _ _ 


'  nff 

/k^ 

22  PPG  15 

1^0 

^  ! 

22  PPG  IS 

'iw 

/C6 

•'*  :r :  *r 

__Y_v 

— 

■Si—  • 

■ 

•  - 

_ 

— 

f/'7L/9l 

22PPG 15 

- *  trf 

visual  Inspection:  ?■?- 

(Place  comments  on  attachecl  sheet)  ..  . 


B-60 


i  • 


ICC -13  5  Transparency  Ravi  aw  Data  Sheet 
p^^Qt:/gQ-Pilot  *4  Windov 

Customer  Part  Number:  - 

Unit  Serial  Number:  ^  ^  /  -  ■2- 


Ace/Rej  Date 


Inspeetog 


Bus  to  Bus  Resistance: 

Tbermal  Image : 


Ohms 


Insulation  Test: 
(2500  VAC) 


Power  to  Metal: 


Nesa  Scratch.  Test  (81  VAC)  : 

Light  Transmittance: _ 

Haze :  '  " 

Photo  (Single  Exposure) : 

Deviation  Inspection: 

(German  Light  per  Teraplat^ 

l:  4  2:  /i2-  3:_2_ 


Dimensional  Inspection: 

Unit  Thickness: 

(Per  Template) 

1 

c7 


4: 


Check  for  Vinyl  Cracks; 
Seal  Evaluation: 


-  -  - - 

MAY  2  6  1993 

22  pPS  If 

■  a'a-9 

MAY  26  1933 

22  P?S 

M£- 

MAY  23 1993 

22  PPe  77. 

22PF047 

ZiM/ 

MAY  2  5 1333 

22  PP6  ^ 

Jli 

“ 

- 

■  - 

JUN  02  1993 

22  PPQ  77 

JUN  02  1993 

.  .  22  PPG  77 

( Comment s )  ^ ^ --j — — |-— 


lA'  IK,-'  -  / 

,A)<J  ^ 


visual  Inspection:  _  iLS — 

(Place  comments  on  attached  sheet) 


JUN  021033 


\n 


B-62 


I  • 


:-135  T-r-angnaranev  Review  Data  Sheet 


Customer  Part  N\mber: 


So  I 


Serial  Number:  ■  ■■  n  O  -/ 


Bus  to  Bus  Resistance 


Thermal  Image ; 


Acc/Rej  Date 

lflAt26l393 


ta^-^  Ohms 


Insulation  Test:  Power  to  Metal: 

(2500  VAC)  • 

Nesa  Scratch  Test  (81  VAC)  : 

Light  Transmittance:  ^ 

Haze : 

Photo  (Single  Exposure): 

Deviation  Inspection: 

(German  Light  per  Ten?)late) 

l:  7  2:_Z_-  ,3:_^  4; 


MAY  26  1993  22  p^e  rt 


AaA-. 

^  MAY  26  1993  22  pPs  r> 

IQ  MAY  26  1993  a2PPfi|> 


MAY  2  *1393 


MAY  26  1993  22pPg?7 


Dimensional  Inspection: 

Unit  Thickness: 

(Per  Template)  --  , 

2.:,/,  2:.  3 : 


22ePG2J 


Check  for  Vinyl  Cracks : 


Seal  Evaluation: 


(Comments) 


Visual  Inspection: 


JUN  02  1993  22  pPg  77 

JUN  0  2  1993  22  pPe  -ft. 

by'  7/ 

oL-A  ^  B.  7",  ^  aJQ  - 

JUN  021993  22  PP4Jf> 


(Place  comments  on  attached  sheet) 


B-64 


Deviation  Template 


I 


T-rangtaaganev  Review  Data  Sheet 
Pllot/Co-Pllot  #4  Window 

Customer  Part  Number:  ^  13  ^ 


ULb 


Obms 


Unit  Serial  Number: 

Bus  to  Bus  Resistance: 

Thermal  Image :  ^ 

Insulation  Test:  Power  to  Metal: 

(2500  VAC) 

Nesa  Scratch  Test  (81  VAC)  : 

Light  Transmittance : 

Haze:  -  ... 

Photo  (Single  Exposure):  . 


3 


Acc/Rej  Pate  ..JsSE^StSS. 

r~  ^  -r  SZ  ZZ 


Deviation  Inspection: 

(German  Light  per  Template) 

1;  <-  3,  2:^  3  3:^  <> 


4: 


Dimensional  Inspection: 

Unit  Thickness: 

(Per  Template) 


Check  for  Vinyl  Cracks: 
Seal  Evaluation: 


,r-xi-i3 

.SZ.Sd'JZZ 

/?C6 

MAY  2  6  1993 

22ppe« 

OK 

MAY  2  6  1993 

22PPG43 

M 

MAY  2  S  1SS3 

22PPG43 

MAY  £  3  1S53 

2a»PS43 

22PPS47 

^^Pas 

22280  23 

: 

— 

— 

JUN  03  1993 

22  PPfi  77 

JUN  037S3 

»  pP«  77 

Visual  Inspection: 

(Place  comments  on  attached  sheet) 


JUN  0  S  1£93  e?  -w?' 


B-66 


visual  Inspection  Map  &  Comments 

S/5. 

'  A*'  \\  ■ 

I  ^  ^  \\ 

1  \\ 


Thickness  Ten^slate 


Customer  Part  Number: 
Unit  Serial  Number: 


Bus  to  Bus  Resistance 


n So! 

Jlcc/Rej  Pate 

0  iiSJdZt- 


!  1^1  3  Ohms 


Thermal  Image : 


Insulation  Test:  Power  to  Metal: 

(2500  VAC)  ■•'1- 

Nesa  Scratch  Test  (81  VAC)  : 

Light  Transmittance: 


Photo  (Single  Exposure) : 

Deviation  inspection: 

(German  Light  per  Template) 

1:_A3  2:_£_i.  3:  ^  A 


MAY  2  6  1993 


SZScfdZZ 

22PPG43 


MAY  2  S  1983  22PP^ 


^1,  U  _Mi5IJLlJ993  - 

.  ^  •■'■X./  n  «  ^'■£n  “iiP?fi43 

'  ' — V.I  I  — - 

22PpG«  JUU141SS1  22PPas 


4 : 


Dimensional  Inspection: 

Unit  Thiclcness: 

(Per  Template) 

1:  2-.4f±-  2-.d±^ 


Check  for  Vinyl  Cracks: 
Seal  Evaluation: 


(Comments) 


Visual  Inspection: 

(Place  comments  on  attached  sheet) 


2PPG?g 

JUN  0  3 1993  22  ppg  jf 

JUN03S33  22  PPGJ7 


JUN  0  3 1553  22 


B-68 


Customer  Part  Number: 
unit  serial  Number: 


visual  Inspection  Map  &  Conunents 


/fh'n  /  OKA^-i 


TiiicJcness  Template 


Deviation  Template 


B-72 


I 


visual  Inspection  Map  &  Comments 


I  • 


Tfr-135  Tranataarenev  Review  Data  Sheet 
Pllot/Co-Pilat  *4  Window 

Customer  Part  Number:  S~  V~  L - 

unit  Serial  Number:  '  I  ^"“  0^  -  3  G  . 


Acc/Sej  Date 


Bus  to  Bus  Resistance: 


Thermal  Image: 


/iL3.X 

^6-^  ohms 


inspector 

Sis'dazz 


insulation  Test:  .  Power  to  Metal: 
(2500  VAC)  • 

Nesa  Scratch  Test  (81  VAC)  : 

Light  Transmittance: 

Haze: 

Photo  (Single  Exposure)  : 

Deviation  Inspection: 

(German  Light  per  Template) 

2:.  3---±2- 


Dimensional  Inspection: 


Unit  Thickness: 
(Per  Teir^late) 


Check  for  Vinyl  Cracks: 

Seal  Evaluation: 

(Comments)  (^0  ^ — (Tt^  flu'C/iA — 


S-Q.t-^3 

2ZZdiZZ 

/fe 

MAY  2  6  1993 

22PPG43 

OK 

MAY  2  6  1993 

22PPG43 

MflV  9  ’'••ut 

2ZPPS43 

A 

KAY  2  3  ISS' 

2:p?S43 

22PFS47 

JUNtt  S  893 

i2?rS3S 

22£Fa2y 

’"•  .  .  . . 

JUN  0  3  1993 

22PP<?77 

/-S - 

JUN  0  3  1993 

??  pP8  _ 

Visual  Inspection: 

(Place  comments  on  attached  sheet) 


JUN  0  £ 


B-74 


visual  Inspection  Map  &  Comments 

0-«  «o  5/5 


Deviation  Ten^jlate 


KC-135  Tr-angparenev  Review  Data  Sheet 
Pllot/Co-Pllot  *4  Window 


Customer  Part  Number:  ~  J  ly  //>U  0  ^ _ 

Unit  Serial  Number:  ^  1  ~  H-  C>i-)  "J?  h  ~  tS'^ 


Acc/Rej  Date 


Inspector 


Bus  to  Bus  Resistance: 


73.  }  Ohms 


Thermal  Image: 

Insulation  Test: 
(2500  VAC) 


Power  to 


Nesa  Scratch  Test  (81  VAC) : 
Light  Transinittance: 

Haze: 

Photo  (Single  Exposure) : 

Deviation  Inspection: 

(German  Light  per  Teit^late) 

2:^  3:JZL 


Dimensional  Inspection: 

Unit  Thicltness: 

(Per  Template) 

2:-  7^7  3: 


Check  for  Vinyl  Cracks: 
Seal  Evaluation: 
(Comments)  to  )ld<J  ? 


SZScJZZ 

MAY  26  1993 

22  PPG  11 

MAY  2  6  1993 

22  pPg  n 

MAY  26  1993 

22  PPG  73 

//  jT 

MAY  26  1393 

22  ppe  ?? 

2-6  1993 

22PPCHi 

may  2  6  1993 

2?  pPg  - 

an. 

4:  .  7,75. 

JUN  04 

22  pP«  17 

JUN  02  1993 

22  PPs  77 

ooT^/iJ  5 

U/l/i  ^ 

visual  Inspection: 

(Place  comments  on  attached  sheet) 


JUN  021993 


B-76 


CAfp  oUif- 

oTi^n  5a'?-9^e‘ 


Thickness  Template 


Deviation  Template 


I  • 


KC-135  Transparency  Revlev  Data  Sheet 
Pllot/Co-Pllot  *4  Window 

Customer  Part  Number:  ^ ) '7 ^ O  J  ^ 

Unit  Serial  Nvimber:  ~  ^  ^  ~ S’ ^  S 


Bus  to  Bus  Resistance: 

1  Ohms 

Thermal  Image: 

Acc/Rej 

Pate 

Insulation  Test:  Power  to  Metal: 

(2500  VAC) 

l\ec 

MAY  2  6  1993 

Nesa  Scratch  Test  (81  VAC)  : 

OK 

may  2.SJ2a3 

Light  Transmittance: 

Fj  >  la 

AiAY  2  3  tS£'j 

Haze: 

jj- 

iiiAY  2  -  '?£.! 

Photo  (Single  Exposure) : 

22  PPG  47 

iViUl  41993 
— - - 

Deviation  Inspection: 

(German  Light  per  Template) 

1:^.  3:  <^'?  4: 

Inspector 


22PPG4J 


22PPG43 


;;opcjt 


^PPC8 


Dimensional  Inspection: 
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Seal  Evaluation: 
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